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REPORT ORGANIZATION 

VOYAGER PHASE B FINAL REPORT 

The r e s u l t s  of t h e  Phase B Voyager F l i g h t  Capsule s tudy are organized i n t o  

s e v e r a l  volumes. These are: 

Volume I Summary 

Vo1un;e I1 Capsule Bus System 

Volume I11 Surface  Laboratory System 

Volume I V  Entry Science Package 

Volume V System I n t e r f a c e s  

Volume V I  Implementation 

This  volume, Volume 11, desc r ibes  t h e  McDonnell Douglas prefer red  design Lor 

t h e  Capsule Bus System. I t  i s  arranged i n  5 p a r t s ,  A through E ,  and bound i n  

11 s e p a r a t e  documents, as noted below. 

P re fe r r ed  Design Concept 2 documents, P a r t s  A 1  and A 2  P a r t  A 

P a r t  B A l t e rna t ives ,  Analyses, Se lec t ion  5 documents, P a r t s  B 1 ,  

B 2 ,  B 3 ,  B4 and B5 

P a r t  C Subsystem Functional  Descr ip t ions  2 documents, P a r t s  C 1  

and C2  

P a r t  D Opera t ional  Support Equipment 1 document 

P a r t  E R e l i a b i l i t y  1 document 

I n  order  t o  ass is t  t h e  r eade r  i n  f inding  s p e c i f i c  material r e l a t i n g  t o  t h e  

Capsule Bus System, Figure 1 c r o s s  indexes broadly se l ec t ed  sub jec t  matter ,  a t  

t h e  system and subsystem leve l ,  through a l l  volumes. 
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SUMMARY 

The Operat ional  Support Equipment (OSE) concept i s  based on a systems- 

or i en ted  a n a l y s i s  of t he  VOYAGER program requirements and capsule  OSE gu ide l ines  

and cons t r a in t s .  OSE i s  a v i t a l  element in  achieving a succes s fu l  VOYAGER mission. 

OSE, f l i g h t  systems, and test concepts are balanced t o  provide a Capsule Bus OSE 

des ign  which meets program ob jec t ives  and requirements.  

o P r o b a b i l i t y  of Mission Success - Our approach t o  Operat ional  Support Equip- 

ment f o r  t h e  Capsule Bus maximizes t h e  p r o b a b i l i t y  of mission success  and 

launch-on-time by using t h e  speed, r e p e a t a b i l i t y ,  and s a f e t y  of computer 

con t ro l l ed  checkout, while  r e t a i n i n g  man-in-the-loop f o r  c r i t i c a l  dec i s ion  

making and contingency ac t ion .  

provides a high confidence test d a t a  bank wi th  r ap id  access t o  d i agnos t i c  

and t rend  a n a l y s i s  da t a  during ground test and mission opera t ions .  

The r e p e a t a b i l i t y  of automated t e s t i n g  

o Planetary  Quarant ine  - I n t e g r a t i o n  of system test requirements i n t o  t h e  

design of our  f l i g h t  te lemetry and i n- f l i g h t  checkout systems has solved t h e  

problem of t r ansmi t t i ng  system test d a t a  through the  Capsule s ter i le  cani- 

ster, and has l e d  t o  t h e  development of a System T e s t  Complex which can 

conduct system level tests a t  KSC wi th  minimum dependence on Subsystem 

T e s t  S e t s .  

o System T e s t  Concept - The System T e s t  Complex (STC) uses  a S c i e n t i f i c  Data 

Systems Computer t o  perform automatic test sequencing, response a n a l y s i s ,  

automatic l i m i t  and alarm monitoring, da t a  suppression,  and OSE self- check. 

Major elements of t h e  STC inc lude  t h e  Subsystem T e s t  Consoles, T e s t  Conduc- 

t o r ' s  Console, Computer Data System, Ground Data Transmission System, and 

Communication, Timing, and Power D i s t r i b u t i o n  Groups. The c a p a b i l i t y  of 

t h e  Subsystem Consoles t o  accomplish Capsule Bus in t eg ra t ed  test  without 

t he  use of Subsystem T e s t  S e t s  provides maximum scheduling f l e x i b i l i t y  wi th  

reduced t o t a l  OSE quan t i t y  and c o s t ,  r equ i r e s  less space f o r  i n t e g r a t e d  

opera t ions  a t  KSC, and i s  compatible with t h e  use  of Apollo Acceptance 

Checkout Equipment (ACE) and f a c i l i t i e s  a t  KSC. In t eg ra t ion  of t h e  Capsule 

Bus OSE wi th  t h e  Spacecraf t ,  SLS, Mission Operations System, and o t h e r  

VOYAGER System elements i s  r e f l e c t e d  i n  our  s e l e c t e d  design i n t e r f a c e s ,  OSE 

arrangement, and d a t a  l i n k  u t i l i z a t i o n .  
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o Subsystem Test Concept - Subsystem Test Sets (SSTS) are automated on 
selected subsystems for which it represents a cost-effective solution: 

Telemetry, Guidance and Control, Sequencer, and Radar. Small automatic 

processors provide flexibility to accommodate flight system changes and 

capacity for independent subsystem tests, and are compatible with future 

growth to centralized computer control. 

of digital displays for high accuracy and reduction of human error. 

hard copy printout provides a permanent record of test completion and 

acceptance. Manually controlled Subsystem Test Sets are provided for 
Power, Propulsion, Pyrotechnic, and Thermal subsystems. 

Launch Pad Operations - A Capsule Bus Launch Monitor Console located in 
the Launch Control Center is hardlined to associated Launch Complex 

Equipment (LCE) at the Launch Pad for maximum reliability in safeing the 
Capsule if a critical malfunction occurs. 

for the LCE hardlines eliminates use of the Capsule Bus umbilical for 

launch pad operations. The Capsule Bus System Test Complex provides auto- 

matic monitoring and alarm backup for the Launch Complex Equipment. 

SSTS and STC feature extensive use 

A 

o 

Use of the Spacecraft umbilical 

o Mission Dependent Equipment - Capsule Bus Mission Dependent Equipment 
consists of software and telemetry processing equipment required for decom- 

mutation, coding, command encoding, and telemetry processing in the Deep 

Space Instrumentation Facility, and diagnostic displays used in the Space 

Flight Operations Facility. 
metry decommutation in the System Test Complex, thus reducing hardware 

requirements. 
OSE Development - OSE Development risk is minimized by extensive utiliza- 
tion of proven hardware and standardized computer software. 
"building-block'' software development provides maximum commonality of 

software packages, and assures early use of the computer for manual mode 

operation prior to validation of test software. 

standardized for commonality of design, spares, and field support. 

Utilization and Human Factors - The Capsule Bus OSE is designed and con- 
figured for compatibility with the test team approach used successfully 

on previous interplanetary and McDonnell-Douglas spacecraft programs. 

Identical software is used to perform tele- 

o 

Phased 

Equipment modules are 

o 

2 
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A test team composed of cognizant flight subsystem engineers and experi- 

enced test, launch, and mission operations personnel is assigned to a 

particular capsule from factory operations through launch and mission 

operations. 

Major studies conducted as part of OSE concept selection include 
alternative methods of automation, display techniques, computer utiliza- 

tion, and transportation methods. Supporting data includes an analysis 

of an alternative OSE integration concept, based on maximum sharing of 

equipment by CB or SLS contractors. 
The selected OSE concept meets the VOYAGER program objectives and 

requirements, provides operational flexibility and program growth poten- 
tial, and is designed for realistic implementation. 

3 
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SECTION 1 

INTRODUCTION AND OBJECTIVES 

1.1 
nary designs of the recommended Operational Support Equipment (OSE) and Mission 

Dependent Equipment (MDE) for the Capsule Bus System. 
blish the OSE requirements, translation of these requirements into design criteria, 

identification of alternative design and utilization concepts, and the rationale 
and criteria employed in selection of the preferred concept are described. 

studies and supporting data are included. 

INTRODUCTION - This volume contains the functional descriptions and prelimi- 

The approach used to esta- 

Trade 

Operational Support Equipment (OSE) for the Capsule Bus System includes all 
ground-based equipment and software required to test, checkout, transport, handle, 

align, install, and service the Capsule Bus from factory through launch and the 

equipment and software (MDE) required to interface the Flight Capsule with the 

existing and planned facilities of the Deep Space Network. Additionally, CBS 
OSE includes Capsule Bus Simulators required at the Spacecraft and SLS contractor 
facilities and government furnished equipment required for SLS integration at the 
CB contractor's facility. 

1.2 
to provide the maximum probability of on-schedule accomplishment of VOYAGER'S 

scientific mission, and successful acquisition of the mission data. 

Capsule Bus OSE must provide "The assurance of some measure of success, regardless 
of circumstances." 
and Mission Dependent Equipment in attaining these goals, we have established 

fundamental objectives for the performance, integration, development, and imple- 
mentation of Capsule Bus OSE, based upon VOYAGER program studies and our Mercury/ 
Gemini experience. 

1.3 CAPSULE BUS OSE OBJECTIVES - 

VOYAGER PROGRAM AND MISSION OBJECTIVES - The ultimate goal of Capsule OSE is 

In addition, 

Recognizing the vital role of Operational Support Equipment 

1.3.1 Performance and Design Objectives - 
o Provide the highest practical probability of launch-on-time. 

tainment of this objective is the reliability, speed, and availability of 

the OSE used for prelaunch and launch operations at KSC. 
Accurately and repeatably detect and/or isolate all capsule and OSE 

malfunctions. 

Key to at- 

o 
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o Provide test continuity, eliminatiuu. of test variables and a continuous 
test history as the capsule and its components flow from factory through 

launch and mission operations. 
o Protect personnel, flight systems, and OSE from hazard or damage due to 

OSE failure or human error. 
Achieve maximum commonality of functional modules and utilization of 

common design. 
Accommodate subsystem changes and provide growth potential and flexibility 

for future missions with minimum change. 

o 

o 

1.3.2 Integration Objectives 

o Clearly define the physical and functional interfaces of Capsule OSE and 

provide the minimum duplication of equipment consistent with clear-cut 

contractual responsibility. 

Maximize compatibility with existing facilities at KSC, and with other o 

elements of the VOYAGER System. 

Design and package OSE to conserve space in integrated operations areas. o 

o Incorporate effective and economical maintainability provisions to insure 

the operational availability of the OSE. 
1.3.3 Development and Implementation Objectives 

o Minimize development risk by maximum use of OSE designs and off-the- 

shelf components which have proven performance on the Mariner, Lunar Or- 

biter, Gemini, and other NASA programs. 
sistent with performance requirements. 

Use existing hardware where con- 

o Demonstrate OSE and software compatibility with the Capsule, SLS, Space- 
craft, and DSIF prior to acceptance test of the first flight vehicle. 

o Employ practical. cost solutions to optimize the cost-effectiveness ratio 

of Capsule Bus OSE. 

1-2 
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SECTION 2 

REQUIREMENTS AND CONSTRAINTS 

Successfu l  implementation of t h e  VOYAGER program r e q u i r e s  more than  compliance 

wi th  t h e  s p e c i f i e d  requirements alone.  We have analyzed t h e  s i g n i f i c i a n t  

problems presented  by Capsule Bus conf igu ra t ion ,  s t e r i l i z a t i o n ,  and i n t e g r a t e d  

checkout i n  o rde r  t o  d e r i v e  t h e  a d d i t i o n a l  requirements t h a t  w i l l  con t r ibu te  t h e  

e x t r a  performance margin necessary t o  a s s u r e  VOYAGER mission success .  

This s e c t i o n  desc r ibes  t h e  b a s i c  F l i g h t  Capsule Operat ional  Support Equipment 

(OSE) requirements and c o n s t r a i n t s ,  and t h e  McDonnell der ived requirements used 

i n  developing t h e  Capsule Bus OSE design concept.  

2 .1  Basic Requirements and Applicable  Documents - The Capsule Bus OSE requi re-  

ments and c o n s t r a i n t s  contained i n  t h e  documents l i s t e d  below are t h e  b a s i c  

JPL requirements used i n  t h e  development of our  concepts and i n  our  OSE design.  

a. MAOO3BB002-2All F i l e  MA3AA7E005 "Guidelines f o r  t h e  Voyager Capsule 

Contractor" dated 18 May 1967 (Revision 1) 

b. SE003BB002-2A21, F i l e  SE3BC-7E-004, "1973 Voyager Capsule Systems 

Cons t ra in ts  and Requirements Document" dated 18 May 1967 (Revision 1) 
c.  SE002BB001-1B21, F i l e  SElDC,  "Performance and Design Requirements f o r  t h e  

1973 Voyager Mission, General Spec i f i ca t ions  for" ,  dated 1 January 1967 

RFP V06-4509 Enclosure 2, "Voyager Capsule Specimen Statement of Work 

Phase B", modified by JPL TWX 1921252, dated May 1967 

d.  

e. Engineering Planning Document 11283, Revision 2 ,  "Planned C a p a b i l i t i e s  

of t h e  DSN f o r  Voyager 1973", dated 1 January 1967 

f .  Technical  Memorandum #33-255, "Description of t h e  Deep Space Network 

Opera t iona l  C a p a b i l i t i e s  as of January 1, 1966", dated 1 Ju ly  1966 

g. AFETRM 127-1 Range Safe ty  Manual No.  1, dated  10 September 1965 

2.2 Cons t ra in ts  - The most s i g n i f i c i a n t  customer c o n s t r a i n t s  are: 

a. Time-limited launch oppor tuni ty ,  launch window, and launch per iod .  

b. Complex 39 w i l l  be  used as Kennedy Space Center 

c. 

d. 

P lane tary  quarant ine  requirements must n o t  b e  degraded 

Two p lane ta ry  veh ic l e s  w i l l  be  launched on a s i n g l e  launch v e h i c l e  

2 .3  Derived Requirements - Capsule Bus OSE - Using t h e  OSE ob jec t ives  and t h e  

b a s i c  JPL requirements and c o n s t r a i n t s  as a foundat ion,  a d d i t i o n a l  OSE requi re-  

ments have been der ived  by a n a l y s i s  of t h e  problem areas, Capsule Bus (CB) 

f l i g h t  subsystems, test requirements,  t h e  i n t e g r a t e d  test p l an  and o the r  VOYAGER 
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System's i n t e g r a t i o n  requirements.  

are as fol lows:  

The der ived  Capsule Bus OSE requirements 

a. Mission c r i t i c a l  OSE must be  a l l o c a t e d  a Ps based on r e l i a b i l i t y  

a n a l y s i s  of launch ope ra t ion  and suppor t ing  equipment. Mission 

c r i t i c a l  OSE i s  def ined  as t h a t  equipment o r  sof tware ,  ( inc luding  Mission 

Dependent Equipment) whose f a i l u r e  could delay o r  abo r t  a launch during 

t h e  te rmina l  count o r  cause degradat ion of t h e  mission a f t e r  launch. 

Af t e r  encapsula t ion  of t h e  F l i g h t  Capsule i n  t h e  c a n i s t e r ,  t h e  F l i g h t  

Capsule STC must b e  capable of performing i n t e g r a t e d  system tests, f a u l t  

i s o l a t i o n ,  and monitor ing c r i t i c a l  parameters.  

OSE requi red  i n s i d e  t h e  Class 100 Rooms must be designed f o r  minimum 

contamination of t h e  Capsule Bus and Class 100 environment. 

LCE must provide f a u l t  i s o l a t i o n  and decision-making c a p a b i l i t y  t o  t h e  

level requi red  f o r  launch commitment. 

Subsystem OSE must be designed f o r  performance margin t e s t i n g  and provide 

a h i s t o r i c a l  d a t a  base  r e a d i l y  c o r r e l a t e d  wi th  system test d a t a  a f t e r  

f l i g h t  Capsule encapsula t ion .  

Trend a n a l y s i s  and f a i l u r e  mode p red ic t ion  d a t a  must be recorded during 

tests . 

b. 

c. 

d. 

e. 

f .  

g. The System T e s t  Complex (STC) must be  capable of monitor and checkout of 

two Capsule Buses on t h e  Pad and be  a v a i l a b l e  f o r  pe r iod ic  checkout of 

two Capsule Buses i n  s to rage .  

Human engineering must be  performed on a l l  OSE designs t o  determine t h e  

b e s t  method of d i sp l ay ing  information and arrangement of c o n t r o l s  i n  

o rde r  t o  minimize ope ra to r  e r r o r  and provide maximum s a f e t y  f o r  personnel  

and equipment. 

h. 

2.4 Derived Requirements - (SLS) and Spacecraf t  (SC) Contractor  OSE 

a. During Plane tary  Vehicle  (PV) systems test  and launch pad ope ra t ions ,  t h e  

SC Cont rac tor ' s  STC must s t r i p  out  and r e r o u t e  Capsule Bus TM d a t a  

t o  t h e  Capsule Bus System T e s t  Complex (STC). 

b. The SC Cont rac tor ' s  flyaway umbi l ica l  must conta in  an adequate number 

of p ins  f o r  handl ing c r i t i c a l  s i g n a l s  and RF coax-connectors f o r  launch 

pad opera t ions .  

c. The SLS Contractor  must provide test poin t  access f o r  a n a l y s i s  and f a u l t  

i s o l a t i o n  during F l i g h t  Capsule i n t e g r a t i o n  and environmental t e s t i n g .  
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d. The SC and SLS Contractors  must provide i n t e r f a c e  s imula tors  which 

p r e c i s e l y  s imula te  s i g n a l s  and loads  f o r  checking compa t ib i l i t y  p r i o r  

t o  mate. 

2.5 

of Work Request t o  provide s e p a r a t e  volumes, w e  have t r e a t e d  t h e  CBS, SLS, & ESP 

as s e p a r a t e  systems and i d e n t i f i e d  t h e  requirements and OSE s e p a r a t e l y  f o r  each 

system. 

e s t a b l i s h e s  a p o i n t  of r e f e rence  f o r  o b j e c t i v e  i n t e g r a t i o n  of OSE func t ions  when 

t h e  systems conf igura t ion  and t e c h n i c a l  r e s p o n s i b i l i t y  have been e s t ab l i shed .  

However, i n  order  t o  provide VOYAGER Management f u r t h e r  i n s i g h t  i n t o  t h e  f u l l  

p o t e n t i a l  of sha r ing  common OSE during i n t e g r a t e d  ope ra t ions ,  w e  have included 

a s tudy  o f  such an a l t e r n a t i v e  i n t e g r a t i o n  concept i n  Sec t ion  10. 

2.6 

weighing a l t e r n a t i v e  design approaches aga ins t  s e l e c t i o n  c r i t e r i a  developed i n  

accordance wi th  VOYAGER ob jec t ives .  Major OSE s e l e c t i o n  c r i t e r i a  are summarized 

below and descr ibed  i n  d e t a i l  i n  Sec t ion  10.0. 

OSE Baseline I n t e g r a t i o n  Requirement - I n  o rde r  t o  comply wi th  t h e  Statement 

This  approach i s o l a t e s  t h e  support  requirements f o r  each system and 

Se lec t ion  Criteria - Se lec t ion  of our design concept has been accomplished by 

a. P r o b a b i l i t y  of Mission Success - (OSE r e l i a b i l i t y  and ope ra t iona l  

a v a i l a b i l i t y  ) 

b. OSE and F l i g h t  System Performance - (Test q u a l i t y ,  test  t i m e ,  test 

confidence) 

c. Development and Schedule Risk - ( I n i t i a l  OSE a v a i l a b i l i t y  and 

contingency p o t e n t i a l )  

d. V e r s a t i l i t y / F l e x i b i l i t y  - (OSE growth p o t e n t i a l ,  common usage) 

e. Cost - (OSE Hardware, Maintenance, development and opera t ing  c o s t s )  
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SECTION 3 

PREFERRED APPROACH - OPERATIONAL SUPPORT EQUIPMENT (OSE) 

This s e c t i o n  summarizes t h e  u t i l i z a t i o n ,  design,  and opera t ing  c h a r a c t e r i s t i c s  

of t h e  major OSE systems, and t h e  major trade s t u d i e s  and cri teria involved i n  

s e l e c t i o n  of our  concept. Complete pre l iminary  designs,  func t iona l  desc r ip t ions ,  

and suppor t ing  ana lyses  are provided i n  Sec t ions  4 through 10, P a r t  D. 

3.1 

ment and f l i g h t  acceptance t e s t i n g  from f a c t o r y  through launch. 

and landed Mars ope ra t ions ,  Mission Dependent Equipment (MDE) provides continued 

ope ra t iona l  support .  Because OSE des ign  is so  fundamentally dependent upon support-  

ing  these  opera t ions ,  a summary of OSE u t i l i z a t i o n  is  presented  as an o r i e n t a t i o n  

and in t roduc t ion  t o  t h e  des ign  concept.  

3.1.1 OSE Catepories  and Functions - The b a s i c  OSE ca t egor i e s  and t h e i r  func t ions  

are i n  accordance wi th  t h e  JPL c o n s t r a i n t s  document, and as f u r t h e r  def ined  below: 

Subsystem T e s t  Equipment (SSTE) - Test equipment r e l a t e d  p r imar i ly  t o  t h e  t e s t i n g  

of a p a r t i c u l a r  f l i g h t  subsystem. For t h e  CB, SSTE is composed of Subsystem T e s t  

S e t s  and Subsystem T e s t  Consoles. The Subsystem T e s t  S e t s  (SSTS) are used f o r  

pre- del ivery acceptance (PDA) of modules a t  p r i n c i p a l  subsystem vendors; a t  t h e  CB 

c o n t r a c t o r ' s  f a c t o r y  f o r  Equipment Funct ional  Check (EFC) of de l ive red  f l i g h t  hard- 

w a r e  p r i o r  t o  capsule  i n s t a l l a t i o n ,  and f o r  subsystem level tests during module 

and capsule  buildup. Propulsion,  and Pyrotechnic and c e r t a i n  SLS SSTS are used a t  

KSC on a scheduled b a s i s ;  t h e  ba lance  of SSTS is  requi red  a t  KSC on a contingency 

b a s i s  only. The Subsystem T e s t  Consoles are used f o r  i n t e g r a t e d  CB System tests, 

as descr ibed below. 

OSE UTILIZATION CONCEPT - Capsule Bus (CB) OSE is designed t o  support  develop- 

During t h e  mission 

Sys tem T e s t  Complex (STC) - Equipment used f o r  i n t e g r a t e d  system tests and simu- 

l a t e d  missions a t  t h e  CB c o n t r a c t o r ' s  f a c t o r y  and KSC. 

Equipment (LCE) func t ions  t o  reduce quan t i t y  of LCE requi red .  STC c o n s i s t s  of 

s e l e c t e d  i t e m s  of SSTE p l u s  OSE system elements. Subsystem T e s t  Equipment (SSTE) 

used exc lus ive ly  f o r  i n t e g r a t e d  CB System tests, such as Subsystem T e s t  Consoles, 

w i l l  be  c a r r i e d  i n  t h e  STC category t o  conform wi th  t h e i r  primary func t iona l  OSE 

system's i n t e r f a c e .  

Launch Complex Equipment (LCE) - Supplements t h e  STC f o r  con t ro l  and monitor of 

opera t ions  on t h e  launch pad and a t  t h e  KSC Explosive Safe  F a c i l i t y  (ESF). 

power, alarm warning, and emergency c o n t r o l  of t h e  capsule  p r i o r  t o  launch. 

Also used f o r  Launch Complex 

Provides 
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Mission Dependent Equipment (MDE) - Used t o  conduct ope ra t ions  from t h e  Deep Space 

Network (DSN) and Space F l i g h t  Operations F a c i l i t y  (SFOF) during c r u i s e ,  e n t r y  and 

a f t e r  landing  on Mars. 
capsule  bus te lemet ry  and t h e  Deep Space Ins t rumenta t ion  F a c i l i t y  (DSIF) a t  KSC, 

and t o  perform te lemet ry  processing.  

Spacecraf t  Mounted Capsule Bus Support Equipment OSE (SCME) - Used a t  t h e  Space- 

c r a f t  Cont rac tor ' s  p l a n t  f o r  subsystem t e s t i n g  of capsule  bus hardware i n s t a l l e d  

i n  t h e  s p a c e c r a f t ,  and i n  t h e  STC f o r  i n t e g r a t e d  tests. 

Assembly, Handling, Shipping and Serv ic ing  Equipment (AHSE) - Used f o r  t ranspor ta-  

t i o n  and handl ing of t h e  capsu le  bus and f o r  weight and balance,  alignment and 

r igg ing  of s t r u c t u r e  and mechanical subsystems. 

s e rv i c ing  equipment used a t  KSC. 

3.1.2 

from f a c t o r y  through landed Mars opera t ions  i s  i l l u s t r a t e d  i n  F igure  3.1-1. 

major test arrangements a t  t h e  f ac to ry ,  KSC i n d u s t r i a l  area, and t h e  launch pad 

are depic ted  i n  Figures  3.1-2, 3.1-3, and 3.1-4 r e spec t ive ly .  A d e t a i l e d  descr ip-  

t i o n  of t h e  i n t e g r a t e d  T e s t  P lan ,  F l i g h t  Acceptance T e s t  P lan ,  and Mission Support 

Plan i s  provided i n  Volume 6. 

3.2 DESIGN CONCEPT 

3.2.1 Sys t em T e s t  Complex (STC) - The Capsule Bus System T e s t  Complex (STC) equip- 

ment c o n s i s t s  of approximately 40 cab ine t s  of system level test equipment. Addition 
of t h e  STC equipment f o r  SLS and ESP is  expected t o  b r ing  t h i s  t o t a l  t o  84 STC cab ine t s .  

The major elements of t h e  CB STC i n c l u d e : -  

Also used i n  t h e  STC t o  e s t a b l i s h  compa t ib i l i t y  between 

Inc ludes  p rope l l an t  and gas 

T e s t  U t i l i z a t i o n  - An overview of t h e  use  of OSE f o r  t h e  major CB test phases 

The 

STC Subsystem Consoles 

d i sp l ay ,  a keyboavd 

c r i t i c a l  h a r d l i n e  d i sp l ays  and commands. 

Computer Data System (CDS) - A high  speed, gene ra l  purpose computer wi th  

mul t ip l e  memory blocks and expandable 1/0 c a p a b i l i t y  which c e n t r a l l y  con- 

t r o l s  t h e  e n t i r e  STC. 

CDS Pe r iphe ra l  and I n t e r f a c e  Equipment - Tape t r a n s p o r t s ,  l i n e  p r i n t e r s ,  

and card  r eade r s  used t o  record d a t a  and provide inpu t s  t o  t h e  computer. 

T e s t  D i r e c t o r ' s  Console - A sitdown console  used f o r  execut ive  c o n t r o l  of 

CB subsystems t e s t i n g  i n  t h e  STC. This  console  enables  t h e  o the r  consoles  

f o r  s i n g l e  o r  combined subsystems t e s t i n g ,  and conta ins  a CRT d i sp l ay  

p lus  cr i t ical  parameter d i sp l ays .  

- S i x  sitdown consoles ,  each wi th  a CRT f o r  d a t a  

f o r  address ing  t h e  Computer Data System (CDS), and 
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STC Required Mission Dependent Equipment (MDE) - An exact d u p l i c a t e  of t h e  

MDE equipment and sof tware  used a t  t h e  DSIF s t a t i o n s  t o  d e t e c t  and decode 

t h e  CB downlink d a t a ,  and t o  gene ra t e  t h e  upl ink  commands t h a t  are requi red  

dur ing  t h e  mission. 

STC Required Mission Independent Equipment (MIE) - An exac t  d u p l i c a t e  of 

t h e  Telemetry and Command Processor  (TCP) computer, used a t  t h e  DSIF's. 

Ground Data Transmission System (GDTS) - A d i g i t a l  t ransmission system used '  

f o r  t ransmiss ion  of TCM parameters and ground test d a t a  and commands 

between t h e  STC and t h e  Capsule Bus a t  remote loca t ions .  

Simulators  - Spacecraf t ,  ESP, SLS, and DSIF i n t e r f a c e  s imula t ion  and con- 

t r o l  equipment r equ i r ed  f o r  system level t e s t i n g  and compa t ib i l i t y  demon- 

s t rat  ion.  
Spec ia l  Purpose STC Equipment -Timing and d i s t r i b u t i o n ,  c losed  c i r c u i t  TV 

(GCTV) intercomm, complex cabl ing ,  and o t h e r  spec i a l i zed  equipment requi red  

t o  complete t h e  STC equipment. 

I n  ope ra t ion ,  subsystem test engineers  a t  t h e  System T e s t  Consoles select automatic  

test sequences o r  manual ope ra t ions  on t h e  CRT keyboard. 

on a Cathode Ray Tube (CRT) which can d i s p l a y  up t o  32 l i n e s  of parameters o r  com- 

p u t e r  ou tput ted  information i n  engineering u n i t s  o r  English language. The CRT i s  

a l s o  capable of p l o t t i n g  g raph ica l  da ta .  An out- of- limits  condi t ion  i s  ind ica t ed  

by a b l ink ing  of t h e  a f f e c t e d  parameters displayed on t h e  CRT, p lus  a CRT d i s p l a y  . 

of t h e  r e s u l t s  of t h e  OSE self- check. 

alarm is  a l s o  ac t iva t ed .  As enabled by the test conductor,  test  opera t ions  may be 

conducted s imultaneously on one o r  more subsystems. The h igh  speed l i n e  p r i n t e r  

a t  t h e  T e s t  Conductor's Console provides a permanent record of a l l  test d a t a  re- 

qui red  f o r  f l i g h t  acceptance. 

Response d a t a  is  d isp layed  

For c r i t i c a l  parameters,  an  audio- visual  

The gene ra l  arrangement of t h e  STC and SSTS a t  t h e  Capsule Bus Cont rac tor ' s  f a c t o r y  

For combined system t e s t i n g ,  t h e  STC i s  supple-  i s  i l l u s t r a t e d  i n  F igure  3.2-1. 
mented by about 30 cab ine t s  of Subsystem T e s t  S e t s  (SSTS) f o r  t h e  Capsule Bus, 

p lus  an  est imated 20 cab ine t s  of SSTS f o r  t h e  SLS and ESP. 

provides a c e n t r a l  l o c a t i o n  f o r  c o n t r o l  of subsystem and system t e s t i n g  during 

combined opera t ions .  

t h e  two sets of STC are t r anspor t ed  t o  KSC and i n s t a l l e d  i n  t h e  Capsule Cont rac tor ' s  

c o n t r o l  room, i n  a d d i t i o n  t o  one STC previous ly  t r anspor t ed  t o  KSC wi th  t h e  Proof 

T e s t  Model. F igure  3.2-2 d e p i c t s  t h e  arrangement of t h e  CB Contractors  c o n t r o l  

room a t  KSC. 

The dua l  c o n t r o l  room depic ted  

Af t e r  completion of Capsule Bus t e s t i n g  a t  t h e  CB f a c t o r y ,  

Figures  3.2-1 and 3.2-2 a l s o  i l l u s t r a t e  t h e  s o l u t i o n  t o  t h e  fol lowing 
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Capsule Bus problems : 

a. Data Transmission Through t h e  S t e r i l e  Barrier - The STC i s  designed t o  

conduct i n t e g r a t e d  system level t e s t i n g  without  t h e  SSTS, us ing  only  t h e  

f l i g h t  te lemet ry  da t a ,  t h e  i n- f l i g h t  checkout and monitor system, and 

s e l e c t e d  c r i t i ca l  parameters which are brought through t h e  steri le b a r r i e r  

v ia  t h e  Spacecraf t  Umbilical and t h e  OSE Umbilical.  

SSTS test connectors  used f o r  subsystem test p r i o r  t o  c a n i s t e r  i n s t a l l a t i o n  

do no t  d u p l i c a t e  t h e  f l i g h t  te lemet ry  umbi l ica l  d a t a ,  which is t h e  primary 

source  of test d a t a  used by the subsystem test consoles  i n  t h e  STC. This  

concept provides a c l e a n  func t iona l  and phys i ca l  i n t e r f a c e  between t h e  

Subsystem T e s t  Consoles and t h e  SSTS. 

I n t e g r a t e d  Control  Room Operations - The f u n c t i o n a l  s epa ra t ion  of t h e  Sub- 

system T e s t  Consoles from t h e  Subsystem T e s t  S e t s  (SSTS), coupled wi th  

e l imina t ion  of t h e  scheduled use  of SSTS a t  KSC, g r e a t l y  reduces t h e  t o t a l  

q u a n t i t y  of equipment and f l o o r  space  requi red ,  and reduces congest ion i n  

t h e  c o n t r o l  room. These are s i g n i f i c a n t  f a c t o r s  i n  i n t e g r a t e d  ope ra t ions  

and f a c i l i t y  requirements a t  KSC. 

STC Mobil i ty  - The func t iona l  independence provided by t h e  s e p a r a t e  SSTS 

and STC concept reduces t h e  t o t a l  quan t i t y  of equipment t o  t r a n s p o r t  t o  

KSC and thereby improves t h e  c a p a b i l i t y  f o r  r ap id  t r a n s p o r t  and se tup  of 

t h e  STC a t  KSC. 

I n  our  approach t h e  

b. 

c .  

STC automation is based on t h e  use  of a h igh  speed, genera l  purpose computer t o  

perform automatic  test sequencing, parameter l i m i t  eva lua t ion ,  alarm monitor ing,  

d a t a  suppression,  and OSE self- check. The computer a l s o  is used t o  t i m e t a g  d a t a  

and t o  d r i v e  a h igh  speed l i n e  p r i n t e r  and t e l e typewr i t e r .  The STC provides manual 

backup c a p a b i l i t y  f o r  f a u l t  i s o l a t i o n ,  program debugging, and program changes. The 

STC automation concept w a s  s e l e c t e d  as being more c o n s i s t e n t  wi th  t h e  Capsule Bus 

OSE c o n s t r a i n t s  t han  t h e  several a l t e r n a t i v e  systems considered, which included a 

modified Mariner approach, Apollo Acceptance Checkout Equipment (ACE), and Sa turn  

I V  B Automatic Checkout System (ACS). As a candida te  f o r  t h e  CDS computer i n  t h e  

STC, w e  have s e l e c t e d  t h e  S c i e n t i f i c  Data Systems' Sigma 5 computer, which meets a l l  

automation requirements and provides maximum p o t e n t i a l  f o r  program growth and 

f u t u r e  missions. 

I n  a d d i t i o n  t o  t h e  STC computer d a t a  system used f o r  test automation, t h e  STC con- 

t a i n s  an i d e n t i c a l  d u p l i c a t e  of t h e  Mission Independent Equipment (MIE) TCP com- 

p u t e r  and Mission Dependent Equipment (MDE) which i s  used i n  t h e  DSN. The MDE and 
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MIE are used during checkout of t h e  Capsule Bus, SLS, and ESP r a d i o  te lemet ry  and 

command system and DSIF compa t ib i l i t y  tests. 

t h e  CDS and MIE func t ions  o f f e r s  p o t e n t i a l  f o r  t i m e  sha r ing ,  sof tware  commonality, 

and reduced hardware quan t i t y .  

of mission independent computers used i n  t h e  DSN f o r  the VOYAGER program. 

920 computers c u r r e n t l y  i n  u s e  i n  t h e  DSN w i l l e r e q u i r e  supplementary computers t o  

process  t h e  MFSK te lemet ry  proposed f o r  t h e  SLS, and t o  accommodate t h e  t o t a l  load 

a s soc i a t ed  wi th  simultaneous support  of dua l  Capsule Lander/SLS opera t ion .  

3 . 2 . 2  Launch Complex Equipment (LCE) - Launch Complex Equipment (LCE) provides  

t h e  c a p a b i l i t y  t o  condi t ion  t h e  Capsule Bus f o r  Launch, t o  c o n t r o l  and monitor 

U s e  of t h e  same model computer f o r  

Computer s e l e c t i o n  w i l l  be  dependent on t h e  type  

The SDS 

c r i t i c a l  func t ions  on t h e  launch pad, t o  f a u l t  i s o l a t e  t o  t h e  OSE o r  CB level,  and 

t o  conduct system assurance and prelaunch checkout on t h e  launch pad. 

a t  t h e  launch pad, t h e  Explosive Sa fe  F a c i l i t y  (ESF), and t h e  Launch Control  Center 

(LCC). 
of t h e  fol lowing equipment: 

LCE i s  used 

The LCE uses  s e l e c t e d  STC equipment t o  minimize dup l i ca t ion .  LCE c o n s i s t s  

o Ground Power and D i s t r i b u t i o n  Equipment - A two-way cabine t  which provides 

automatic  switching t o  f a c i l i t y  backup power, and emergency backup power 

i n  case of t o t a l  f a c i l i t y  power f a i l u r e ,  and dc  power t o  t h e  CB. 

equipment i s  loca t ed  i n  t h e  base  of t h e  Mobile Launcher (ML) and a t  t h e  

ESF. 

This  

o Remote Simulat ion Equipment - Two cab ine t s  of test s i g n a l  genera t ion  

equipment, l oca t ed  on t h e  Mobile Launcher (ML), and used t o  provide s t i m u l i  

f o r  on-pad t e s t i n g  of t h e  CB. 

UHF Receiving System - Contains a UHF rece iv ing  system mounted on t h e  ML 

which demodulates t h e  CB UHF t r a n s m i t t e r  ou tput  (brought out  t h e  Spacecraf t  

flyaway umbi l ica l  from a p a r a s i t i c  antenna i n  t h e  c a n i s t e r )  and t ransmi ts  

t h e  TM d a t a  t o  t h e  STC via t h e  Ground Data Transmission System. Spectrum 

and power-output measurements are made from two cab ine t s  of equipment on t h e  

Mobile Launcher. 

CB Launch Monitor Console - A two way console  l oca t ed  i n  t h e  LCC, which has 

d i r e c t  h a r d l i n e  access t o  t h e  CB through t h e  Spacecraf t  fly-away umbi l ica l .  

CB, SLS and ESP subsystem s t a t u s  s e n t  from t h e  STC is  a l s o  displayed on 

t h i s  console.  

o 

o 

o Hazard and A l a r m  Monitoring System - The system c o n s i s t s  of two cab ine t s  

of equipment i n  t h e  ESF, p l u s  warning panels  and c o n t r o l s  i n  t h e  CB Launch 

Monitor Console a t  t h e  LCC and i n  t h e  P rope l l an t  Subsystems Console i n  t h e  
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STC. 

s u r e s ,  pyro technic  arming c i r c u i t s ,  and l e a k  d e t e c t i o n  sensorssand is 

in t e r locked  wi th  t h e  Complex 39 warning system and an explosion proof 

power source. 

The system provides  h a r d l i n e  monitor ing of p rope l l an t  and gas  pres-  

o LCE Required STC Equipment - Se lec t ed  elements of t he  STC, inc luding  t h e  

CDS and MDE, requi red  f o r  on-pad t e s t i d g  of t h e  CB. T e s t  po in t  access t o  

t h e  TCM i s  accomplished via t h e  S/C flyaway umbil ical .  
Operat ion of  t h e  LCE is  from t h e  ESF and t h e  STC during se rv i c ing ,  pyrotechnic 

checkout, de- orbi t  motor i n s t a l l a t i o n ,  and s t e r i l i z a t i o n .  Control s h i f t s  t o  t h e  

Launch Monitor Console i n  t h e  LCC during launch pad opera t ions .  The STC Computer 

Data System provides automatic  alarm monitor ing,but  approximately 20 c r i t i c a l  

parameters are hard l ined  t o  hardwired l o g i c  and d i sp l ays  t o  g i v e  maximum r e l i a b i l i t y  

f o r  c o n t r o l  of unsafe  o r  p o t e n t i a l l y  c a t a s t r o p h i c  condi t ions .  

Data Link U t i l i z a t i o n  - The u t i l i z a t i o n  and a l l o c a t i o n  of d a t a  l i n k s  i s  a s i g n i f i -  

cant  problem as soc ia t ed  wi th  VOYAGER Systems i n t e g r a t i o n .  

designed t o  c l a r i f y  t h e  complex r e l a t i o n s h i p  between t h e  Spacecraf t ,  Capsule Bus, 

and SLS, is summarized below. 
A d i g i t a l  d a t a  l i n k ,  t h e  Ground Data Transmission System (GDTS), is  employed 

between t h e  CB and t h e  STC during system level  t e s t i n g  a t  t h e  Spacecraf t  Checkout 

The d a t a  l i n k  concept 

F a c i l i t y ,  t h e  ESF, and t h e  launch pad. The GDTS uses  t h e  A2A and s tandard  land 

l i n e  phone system p lus  CB mul t ip lex ing ,  coding and encoding te rmina ls  t o  provide 

low e r r o r  d a t a  t ransmiss ion  and command v e r i f i c a t i o n .  The l i n k  d i f f e r s  a t  t h e  launch 

pad i n  t h a t  OSE umbi l ica l  test  d a t a  i s  no longer  a v a i l a b l e ,  and a l l  t h e  d a t a  used 

by t h e  CB STC is  routed  through t h e  Spacecraf t  fly-away umbi l ica l  t o  a j u n c t i o n  

box on t h e  ML. 

d a t a  t r a i n s .  

a. 

A t  t h e  j u n c t i o n  box on t h e  ML, CB d a t a  i s  s p l i t  i n t o  t h r e e  s e p a r a t e  

Data from t h e  CB UHF and SLS Landed TM is  t ransmi t ted  by A2A l a n d l i n e  t o  

t h e  Capsule Bus System T e s t  Complex. An a l t e r n a t e  RF d a t a  pa th  f o r  t h e  

SLS i s  a l s o  provided, us ing  p a r a s i t i c  antennas t o  provide an RF l i n k  

between t h e  SLS and DSIF. 

b. The CB and SLS c r i t i ca l  func t ions  are analog hard l ined  t o  t h e  CB/SLS LCE 

a t  the Launch Control  Center. 

c. The SLS i n f l i g h t  checkout and c r u i s e  commutator ou tput ,  i n t e r l eaved  with 

spacec ra f t  d a t a ,  is  t r ansmi t t ed  t o  t h e  spacec ra f t  c o n t r a c t o r ' s  ground 

s t a t i o n  where t h e  SLS d a t a  i s  s t r i p p e d  ou t  and r e t r ansmi t t ed  t o  t h e  

SLS STC i n  t h e  Capsule Bus c o n t r o l  room. 
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Data Link u t i l i z a t i o n  a t  KSC i s  i l l u s t r a t e d  i n  F igure  3 . 2- 3 .  

3 . 2 . 3  Mission Dependent Equipment (MDE) - The CB MDE c o n s i s t s  of CB equipment and 

computer sof tware  r equ i r ed  t o  support  t e lemet ry  processing and provide d a t a  inter- 

f a c e  compa t ib i l i t y  i n  t h e  Deep Space Ins t rumenta t ion  F a c i l i t y  (DSIF) and t h e  Space 

F l i g h t  Operations F a c i l i t y  (SFOF) a t  Pasadena. The major elements of MDE are 

s u m a r i z e d  below and t h e i r  i n t e r f a c e s  wi th  the'DSIF and SFOF are i l l u s t r a t e d  i n  

F igure  3 . 2 - 4 .  

o Data D e  Mult iplexing Equipment - Used a t  t h e  Deep Space Ins t rumenta t ion  

F a c i l i t i e s  (DSIF's) t o  process  t h e  CB/ESP te lemet ry  d a t a  from t h e  S/C 

Mission Dependent Equipment t o  a level compatible wi th  t h e  c a p a b i l i t i e s  

of t h e  e x i s t i n g  DSIF Telemetry and Comand Processor  (TCP) computer. 

CB Command Equipment - Used a t  t h e  DSIF'S t o  encode and v e r i f y  commands 

s e n t  from t h e  TCP computer f o r  t ransmiss ion  over  t h e  DSIF - Spacecraf t  

command l i n k .  

Engineering Display Equipment - Used a t  t h e  DSIF'S and t h e  Space F l i g h t  

Operat ions F a c i l i t y  (SFOF) f o r  d i sp l ay  of Capsule Bus TM d a t a  requi red  f o r  

a n a l y s i s  of systems s t a t u s  and f l i g h t  path.  

o 

o 

o Telemetry Command Processor  (TCP) Software - Used t o  program t h e  TCP com- 

p u t e r  f o r  decommutation of t h e  TM d a t a  from t h e  TM pre- processor.  

sof tware  a l s o  programs t h e  computer f o r  acceptance and v e r i f i c a t i o n  of 

commands s e n t  from t h e  SFOF, and addresses  t h e  commands t o  t h e  CB Command 

Equipment. 

This  

o CB TCM Simulator  - Used at t h e  DSIF's t o  s imu la t e  t h e  CB TM and Command 

System during pre-mission compa t ib i l i t y  t e s t i n g  of t h e  e n t i r e  DSN w i t h  

t h e  CB TCM system. 

The MDE design approach is  s i g n i f i c a n t l y  inf luenced by t h e  

e x i s t i n g  TCP computers (SDS 9 2 0 )  i n  t h e  DSIF. The Data Demultiplexer reduces t h e  

load  on t h e s e  computers by demult iplexing and de- inter leaving t h e  real t i m e  and 

delayed t i m e  CB and ESP da t a .  

3 . 2 . 4  Subsystem-Level T e s t  Equipment - Capsule Bus subsystem level test equipment 

c o n s i s t s  of approximately 30 c a b i n e t s  of equipment which provide complete test 

c a p a b i l i t y  f o r  a l l  subsystems composing t h e  Capsule Bus System. 

func t ions  are grouped t o  minimize d u p l i c a t i o n  of OSE and t o  provide t h e  maximum 

u t i l i z a t i o n  of common designs.  

f u n c t i o n a l  check, subsystems test dur ing  major module bui ldup and i n t e g r a t i o n ,  sub- 

system tests i n  conjunct ion wi th  t h e  Systems T e s t  Complex, and subsystem tests a t  

F l i g h t  Subsystems 

The same tes t  set may be used f o r  f l i g h t  subsystem 
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SIMPLIFIED BLOCK DIAGRAM, CB MDE AT DSlF 

Processed Data 

SIMPLIFIED BLOCK DIAGRAM, CB MDE AT SFOF 

SFOF 
Comm 
Processor 

Decommu toted 

CB Commands via Spacecraft MDE 

TCP = Telemetry Command Processor 
HSDL = High Speed Data Link 
GCS = Ground Communication System 

Figure 3.2-4 
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KSC i n  t h e  event  of a contingency. 

ment they  support  are l i s t e d  below: 

The CB subsystem test sets and t h e  f l i g h t  equip- 

Subsystem T e s t  S e t  (SSTS) CB Subsystem Supported 

Guidance and Control  Guidance and Control  

Electrical Power Electrical Power 

Propulsion ' React ion Control ,  Terminal Propulsion 

Pyrotechnic 

Radar 

Sequencer 

Telecommunications 

Pyrotechnic 

Landing Radar, Radar A l t i m e t e r  

Sequencer 

Antenna, Command, Data Storage ,  

Radio , Telemetry 

Thermal Control  Thermal Control 

The SSTS used f o r  equipment func t iona l  check a t  t h e  CB con t r ac to r ' s  f a c i l i t y  is 

loca t ed  i n  a Class 100 room t o  permit t h e  u s e  of s h o r t ,  analog ha rd l ines  f o r  

connecting t h e  f l i g h t  subsystem t o  t h e  test set. An a d d i t i o n a l  set of SSTS i s  

loca t ed  i n  t h e  c o n t r o l  room f o r  use  during major module buildup as shown i n  F igure  

3.2-5. A t o t a l  of 20 a d d i t i o n a l  cab ine t s  of SSTS is est imated f o r  t h e  SLS and 

ESP subsystem test sets. 
To minimize human e r r o r  and r e t a i n  t h e  i n h e r e n t  accuracy of t h e  analog da t a ,  

The Subsystem T e s t  S e t s  ex tens ive  use  is  made of d i g i t a l  d i sp l ays  i n  t h e  SSTS. 

provide s t i m u l i ,  d i sp l ay ,  recording,  t i m e ,  loads ,  and alarm monitoring f o r  t h e  

subsystem under test .  Marginal performance t e s t i n g  is accomplished by programmed 

v a r i a t i o n  of t h e  s t i m u l i .  S i g n i f i c a n t  analogs o r  events  are recorded on o s c i l l o-  

graphic  recorders  i n t e g r a l  t o  t h e  test sets. 

The SSTS automation concept w a s  e s t a b l i s h e d  a f t e r  eva lua t ion  of manual opera t ion ,  

selective automation, and automation of a l l  SSTS. T e s t  sequencing, c o n t r o l ,  and 

monitoring are automated f o r  Guidance and Control ,  Radar, Sequencer and Telecommuni- 

ca t ions  Subsystems T e s t  S e t s  on t h e  b a s i s  of c o s t  e f f ec t iveness  and t h e  subsystem's 

compa t ib i l i t y  w i th  high-speed, r epea t ab le  test programming. The r e p e a t a b i l i t y  and 

con t inu i ty  which automation imparts  t o  t h e  CB test h i s t o r y  is  a s i g n i f i c a n t  con- 

t r i b u t i o n  t o  mission success .  Incorpora t ion  of an  independent automatic  processor  

i n  each of t h e s e  test sets provides minimum f l i g h t  subsystem opera t ing  t i m e ,  maxi- 

mum scheduling f l e x i b i l i t y ,  independent opera t ion ,  and p o t e n t i a l  f o r  f u t u r e  opera- 

t i o n  i n  a "satellite" mode under c e n t r a l  computer con t ro l .  

3.2.5 Assembly, Handlinp Shipping, and Serv ic ing  Equipment (AHSE) - Capsule Bus 

AHSE c o n s i s t s  of t h e  equipment requi red  t o  assemble, s e r v i c e ,  checkout, weigh , 
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SSTS INSTALLATION AT CAPSULE BUS INTEGRATION SITE 

Module Buildup Areas 

Figure 3.2-5 
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balance,  a l i g n  and s h i p  t h e  Capsule Bus System and components from f a c t o r y  through 

capsule / spacecraf t  i n t e g r a t i o n .  Approximately 25 i t e m s  of AHSE have been def ined ,  

inc luding  t h e  fol lowing major items: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

F l i g h t  Capsule Transpor te r  

Capsule Bus Handling F i x t u r e  

Capsule Bus Handling Dolly 

Capsule/Canister  Assembly and Checkout Stand 

De-orbit Motor I n s t a l l a t i o n  F i x t u r e  

Forward Can i s t e r  Work Stand 

P rope l l an t  Loading Uni t s  

Flush and Purge Uni t s  

Capsule Bus Work Stand 

Capsule Bus Weight and Balance Adapter 

Lander I n s t a l l a t i o n  F i x t u r e  

P rope l l an t  Disposal  System 

Gas Serv ic ing  Unit 

The design concept f o r  AHSE is  inf luenced  p r imar i ly  by t r anspor t a t ion ,  s a f e t y ,  and 

s t e r i l i z a t i o n  c o n s t r a i n t s ,  i n  conjunct ion wi th  t h e  grouping of handling opera t ions ,  

t o  m e e t  schedule requirements wi th  t h e  minimum equipment quan t i t y .  

s i z e  (approximately 20 f t  diameter  x 12 f t  high) of t h e  can i s t e r ed  capsule  s eve re ly  

l i m i t s  t r a n s p o r t a t i o n  methods. 

c a n i s t e r e d  capsule  and has been s e l e c t e d  as t h e  primary t r a n s p o r t a t i o n  mode. 

only one such a i r c r a f t  exists, a backup mode (barge t r anspor t a t ion )  i s  s e l e c t e d  as 

a f e a s i b l e  a l t e r n a t i v e .  Hel icopter  l i f t  from t h e  f a c t o r y  t o  t h e  barge avoids con- 

f l i c t  wi th  t r a f f i c  ordinances and l o c a l  loading  f a c i l i t y  c o n s t r a i n t s .  

Major AHSE s a f e t y  c h a r a c t e r i s t i c s  are summarized below and descr ibed  i n  d e t a i l  i n  

Sec t ion  6 .  

The phys i ca l  

The B-37756 "Super Guppy" can encompass t h e  

Because 

o Equipment u t i l i z e d  f o r  handling pyro technics ,  p r o p e l l a n t s ,  etc. ,  w i l l  be  

s t a t i c a l l y  grounded and f a b r i c a t e d  of non-spark producing materials. 

Personnel  p r o t e c t i o n  w i l l  b e  provided by guard ra i ls  f o r  upper platforms 

of work s t ands ,  covers  f o r  gea r  and cam assemblies  and similar devices ,  

and e l imina t ion  of sharp  o r  po in ted  p r o j e c t i o n s  . 
Lockable casters and p rov i s ions  f o r  secur ing  l a r g e  f i x t u r e s  and work s tands  

t o  t h e  f l o o r  3 andpos i t i ve  locking devices  f o r  a l l  load  sus t a in ing ,  movable 

o 

components w i l l  be  provided. 
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The F l i g h t  Capsule Transpor te r  i s  designed f o r  e i t h e r  a i r c r a f t  o r  barge  t r a n s p o r t  

and c o n s i s t s  of a s t r u c t u r a l  con ta ine r  p l u s  running gear .  

has four  hydro-pneumatic s t r u t s  a t  t h e  corners  of t h e  base,and provides shock and 

v i b r a t i o n  p r o t e c t i o n  t o  t h e  c a n i s t e r .  

The con ta ine r  suspension 

Mobil i ty  is af forded  by fu l l- cas t e red  wheels 

which are p a r t  of t h e  suspension s t r u t  assembly. The conta iner  has  i n t e g r a l  

s t r u c t u r e  f o r  h o i s t i n g ,  handl ing,  and suppor t . '  To prevent  contamination, a gaseous 

n i t rogen  supply system keeps t h e  F l i g h t  Capsule i n  a n i t r o g e n  atmosphere wi th  a 

p o s i t i v e  p re s su re  between t h e  con ta ine r  and ambient of 1 .0  t o  2.0 p s ig .  

connections and redundant r e l i e f  valves are provided i n  t h e  conta iner  base  p lus  a 

GN supply f o r  con ta ine r  replenishment and s t r u t  s e rv i c ing .  

The Capsule Bus Handling F i x t u r e  des ign  i s  a n  example of grouping several func t ions  

w i t h i n  a s i n g l e  f i x t u r e .  The f i x t u r e  w i l l  support  e i t h e r  t h e  Aeroshel l  o r  Capsule, 

and mate wi th  t h e  Lander, De-Orbit Motor, o r  Parachute i n s t a l l a t i o n  f i x t u r e s ,  and 

is wheeled t o  provide  i n t r a f a c i l i t y  mobi l i ty .  

The P rope l l an t  Loading Units  are mobile, se l f- conta ined  s t o r a g e  and t r a n s f e r  u n i t s  

designed f o r  u se  a t  t h e  ESF p r i o r  t o  s t e r i l i z a t i o n .  A GN p re s su re  t r a n s f e r  system 

is  employed t o  load t h e  p r o p e l l a n t s  i n  approximately f i f t e e n  minutes,  wi th  an accu- 

racy of + - 1%, by weight,  of t h e  f l i g h t  system's  tank capac i ty -  

Loading Units  are manually operated,  and con ta in  d i r e c t  p re s su re  and quan t i t y  d i s-  

plays .  f o r  t h e  Terminal Propulsion Subsystem, 

and N H f o r  t h e  Reaction c o n t r o l  subsystem. Materials and des ign  are similar t o  

t hose  used f o r  Gemini hypergol ic  s e rv i c ing  equipment. 

The P rope l l an t  Flush and Purge Units  are mobile,  s e l f  contained,  and manually 

operated.  Freon MF and isopropanol  are employed as a f lu sh ing  and decontamination 

agent ,  using GN2 p re s su re  t r a n s f e r .  

t a i n i n g  contaminated f l u s h  f l u i d .  

A Disposal System at  t h e  ESF al lows f o r  vent ing  of gases  and d i s p o s a l  f l u i d s  during 

normal opera t ion .  A propane burner  system prevents  t h e  vent ing of t o x i c  gases  o r  

f l u i d s  t o  t h e  atmosphere. I f  requi red  a t  t h e  launch pad, t h e  Disposal  System w i l l  

provide t h e  c a p a b i l i t y  f o r  emergency dump of p rope l l an t s  and an N2 purge of explo- 

s i v e  vapors which may be  t rapped w i t h i n  t h e  c a n i s t e r .  

Leak Detect ion a t  f a c t o r y  and t h e  ESF be fo re  s e rv i c ing  i s  accomplished wi th  a helium 

m a s s  spectrometer  ( s n i f f e r ) ,  us ing  hand he ld  probes and helium pressur ized  systems. 

Af t e r  s e r v i c i n g ,  d e t e c t i o n  of t o x i c  o r  explos ive  p r o p e l l a n t  vapors  is  accomplished 

by vapor d e t e c t o r s  which are in t e r locked  w i t h  t h e  Hazard Warning A l a r m  System (LCE). 

The helium s n i f f e r s  are a l s o  used i n  conjunct ion w i t h  t h e  Canis te r  P r e s s u r i z a t i o n  

Serv ic ing  

2 

2 

The P rope l l an t  

Separa te  u n i t s  provide MMH and N 0 
2 4  

2 4  

An i n t e g r a l  sump tank  is provided f o r  con- 
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Unit (CPU) t o  d e t e c t  c a n i s t e r  leakage. 

connected t o  t h e  c a n i s t e r  dur ing  s t e r i l i z a t i o n  t o  provide sterile gas make-up 

during hea t ing  and cool ing  cyc les .  

3.2.6 Spacecraf t  Mounted Capsule Bus Support Equipment OSE (SCME) - The SCME con- 

sists of approximately s i x  e l e c t r o n i c  equipment cab ine t s  of test equipment which 

provide t h e  c a p a b i l i t y  t o  test  t h e  capsule  bus 'e lements  and subsystems which are 

phys i ca l ly  l oca t ed  i n  t h e  spacec ra f t .  

The CPU and i ts  n i t rogen  gas  supply are 

The subsystems supported are: 
Support Radio 

Support Data Storage  

F l i g h t  Capsule Command Decoder 

Support Telemetry Equipment 

This  test equipment i s  i d e n t i f i e d  as t h e  CB/SC &bunted TCM Subsystsm T e s t  Se t  

(SSTS) and is  used f o r  subsystem and system- level tests. During subsystem tests, 

t h i s  SSTS ope ra t e s  independently; when used i n  systems tests, t h e  SSTS i n t e r f a c e s  

wi th  t h e  Telemetry and Command Processor  (TCP) f o r  te lemet ry  d a t a  processing and 

wi th  t h e  Computer Data System (CDS) f o r  test con t ro l .  

used a t  t h e  spacec ra f t  c o n t r a c t o r ' s  f a c i l i t y  during i n t e g r a t e d  systems tests. 

The test set may a l s o  be 

A c a n i s t e r  and adap te r  s imula tor  provides sensor  input  d a t a  during test and a 

te lemet ry  s imula tor  provides an FSK modulation s i g n a l  f o r  d r iv ing  two UHF test  

t r a n s m i t t e r s .  

by a command gene ra to r  contained i n  t h e  test set. 

3 . 3  

using sites i s  i l l u s t r a t e d  i n  Figure 3.3-1. 

requirements and using areas is contained i n  Sec t ion  9. 

Simulated inpu t s  t o  t h e  F l i g h t  Capsule Command Decoder are provided 

OSE EQUIPMENT SUMMARY - A summary of t h e  most s i g n i f i c a n t  CB OSE hardware and 

A d e t a i l e d  summary of OSE hardware 
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OSE EQUIPMENT SUMMARY 

OSE 
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MDE 

AHSE 

SCM E 

SSTE Used for STC During 
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Capsule Bus Subsystem Tesi 
Sets 

Test Director's Console 
Capsule Subsystem Consoles 
Timing, Intercom and CCTV 
TCM Equipment 
TCP Computer 
CDS Computer 
Ground Data Transmission 

System 
Simulators 
Computer Software 

Power Control and 

Stimuli and RF Monitor 
Distribution 

Equipment 

Capsule Bus Subsystem Tes 
Sets 

Test Director's Console ~ 

Capsule Subsystem Console! 
Timing, Intercom and CCTV 
TCM Equipment 
TCP Computer 
CDS Computer 
Ground Data Transmission 

System . 
Computer Software 

Power Control and 

Stimuli and RF Monitor 

Launch Monitor Console 

Distribution. 

Equipment 

I 
TM Pre-processor Equipment 
Zommand Verification 

"omputer Software 
Eq u i pmen t - 

Capsule Bus Fixtures and 

Flight Capsule Transporter 
Lander Fixtures 
SLS Fixtures 
Servicing Units 
Flush and Purge Units 

Dol l ies 

CB Relay Link 
Test Equipment 

TM Pre-Processor Equipmen 
Command Verification 
Equipment 
Computer Software 

Capsule Bus Fixtures and 

Canister Stands and Dollies 
Lander Fixtures 
SLS Fixtures 
Servicing Units 
Flush and Purge Units 
Disposal Units 

Dol l ies 

CB Relay Link 
Test E qui pment 

I 

itegrated Test 

DSN 

lomputer Software 
-CM Pre-processor 

iommand Verification 

FOF Display Consol 
:BS TCM/Simu lator 

qu i pm en t 

Equipment 

Figure 3.3-1 
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SECTION 4 

SYSTEN LEVEL SUPPORT EQUIPMENT 

4 . 1  

SLS, and ESP modules, and end a t  Launch Vehicle  (LV) l i f t - o f f .  System Level Sup- 

SUMMARY - System level tests s ta r t  a t  i n t e g r a t i o n  of t h e  CB f l i g h t  subsystems, 

p o r t  Equipment requi red  f o r  t h e s e  tests is  used a t  t h e  CB c o n t r a c t o r ' s  f a c t o r y  and 

KSC; and t h e  con f igu ra t ion  of t h e s e  equipments is  determined l a r g e l y  by t h e  tests 

requi red  a t  t h e s e  l o c a t i o n s ,  t h e  a c c e s s i b i l i t y  of  CB test p o i n t s ,  and system l e v e l  

s imula t ion  requi red .  Po r t ions  of t h e s e  equipments are used i n  t h e  Deep Space N e t -  

work CDSN), and cont inue i n  u se  through mission completion. 

and i n t e r p r e t  d a t a  be fo re  and a f t e r  landing  on Mars. 

Equipment is  a v i t a l  f a c t o r  i n  t h e  success  of  t h e  mission.  

4.2 

ca tegor ized  according t o  support usage a t  t h e  CB f a c t o r y  and KSC: 

They c o n t r o l  t h e  CB 

Hence, System Level Support 

IDENTIFICATION AND USAGE OF SYSTEM SUPPORT EQUIPMENT - These equipments are 

o Sys t em T e s t  Complex GTC) - used a t  S t .  Louis and KSC t o  e x e r c i s e  and de ter-  

mine t h e  q u a l i t y  of  t h e  i n t e g r a t e d  CB subsystems, and i d e n t i f y  f a u l t y  sub- 

systems t o  t h e  r ep l aceab le  provis ioned space level. 

Launch Complex Equipment 6CE) - used f o r  pad t e s t i n g  t o  demonstrate the 

readiness  of t h e  CB t o  perform t h e  mission,  i d e n t i f y  f a u l t s  t o  t h e  sup- 

p o r t  equipment o r  CB, and provide power and s a f e t y  c o n t r o l s  and alarms. 

o 

o Missions Dependent Equipment (MDE) - CB p e c u l i a r  equipment and a s soc i a t ed  

sof tware ,  used i n  t h e  DSN t o  implement CB c o n t r o l  and e a r t h  r e t r i e v a l / i n -  

t e r p r e t a t i o n  of t h e  CB d a t a  from l i f t - o f f  t o  mission terminat ion.  MDE 

a l s o  is  used i n  t h e  STC and LCE t o  implement t e s t i n g  and t o  demonstrate 

CB/MDE compa t ib i l i t y  p r i o r  t o  DSN usage. 

4 .2 .1  I n t e r f a c e  Def in i t i ons  - The STC, LCE, and MDE have two major requirements 

i n  common t h a t  s i g n i f i c a n t l y  i n f luence  t h e i r  system i n t e r f a c e s :  

o CB Command Generation - During f l i g h t ,  but  be fo re  s e p a r a t i o n  from t h e  

Spacecraf t  (S/C), t h e  CB receives commands f o r  i n- f l i g h t  checkout and 

c r u i s e  monitoring through the S/C command subsystem. 

v e r i f i e d  however i n  t h e  CB MDE a t  t h e  DSIF'S. These commands can a l s o  be  

used f o r  ground systems t e s t i n g  a t  t h e  launch-pad, a t  t h e  Explosive Safe 

F a c i l i t y  (ESF), and i n  t h e  STC t o  p a r t i a l l y  s a t i s f y  t h e  Launch Complex and 

System T e s t  Complex test command requirements.  

CB TM Data Retrieval and P r o c e s s i n g-  Before CB s e p a r a t i o n  from t h e  S/C 

and during descent  t o  Mars, t h e  CB transmits checkout and f l i g h t  d a t a  t o  

The commands are 

o 
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t h e  S/C TM subsystem. This  d a t a  i s  even tua l ly  rece ived  i n  t h e  S/C MDE and 

routed  t o  t h e  CB MDE f o r  processing.  

dur ing  system t e s t i n g  t o  p a r t i a l l y  s a t i s f y  the LCE and STC test requi re-  

ment s. 

This  d a t a  l i n k  can a l s o  be  used 

These common requirements  can be  s a t i s f i e d  by t h e  sha r ing  of t h e  same equip- 

Hence, Mission Dependent Equipment designed f o r  DSIF usage is  a l s o  used i n  ment. 

t h e  System T e s t  Complex f o r  command and TM d a t a  processing,  and the STC and MDE 

used a t  t h e  CB c o n t r a c t o r ' s  and KSC are l ikewise  used t o  accomplish Launch Com- 

p l e x  Equipment (LCE) func t ions .  

sav ings  i n  des igns  and equipment q u a n t i t i e s ,  but  a l lows  e a r l y  compa t ib i l i t y  

demonstration of t h e  MDE and LCE wi th  t h e  Capsule Bus. F igures  4.2-1 and 4.2-2 

show how t h e  MDE is used i n  t h e  Systems T e s t  Complex, and how t h e  STC requi red  MDE 

i s  used i n  t h e  LCE conf igura t ion .  

4 .3  SYSTEM TEST COMPLEX (STC) EQUIPMENT - The STC is a computer con t ro l l ed  system 

level test complex capable of c e n t r a l i z e d  automated o r  manual sequence con t ro l .  

uses  AN/CRT's f o r  d i s p l a y  of CB d a t a  and keyboards f o r  gaining access t o  t h e  com- 

pu te r  f o r  parameter changes o r  manual con t ro l .  Telemetry and Command MDE i s  used 

i n  t h e  STC wi th  a n  exac t  d u p l i c a t e  of t h e  DSIF Telemetry and Command Processor  

This  approach not  on ly  provides s i g n i f i c a n t  c o s t  

It 

(TCP) computer, and a s soc i a t ed  sof tware  f o r  processing CB Commands and TM da t a .  A 

Ground Data Transmission System (GDTS) is  provided f o r  t ransmiss ion  of ground test  

commands and d a t a  between t h e  CB and STC. 

c o n t r o l  of t h e  CB T e s t  D i r ec to r ,  who enables  t e s t i n g  on s e l e c t e d  groups of CB Sub- 

system. The central Computer Data System (CDS) c o n t r o l s  t h e  e n t i r e  STC, eva lua t e s  

t h e  test d a t a ,  conducts STC s e l f - t e s t ,  provides test and emergency rou t ines ,  and 

main ta ins  a central l o g  of a l l  STC, f a c i l i t y ,  and CB da t a .  

The STC ope rz t ion  i s  under t h e  execut ive  

Our s tudy  of candida te  computers f o r  t h e  CDS has l e d  t o  t h e  s e l e c t i o n  of a 

t h i r d  genera t ion  computer. Rat iona le  lead ing  t o  t h i s  approach is;  

o Computers i n  t h i s  class have h igh  speed opera t ion  and m u l t i p l e  1/0 device  

expansion c a p a b i l i t y  t h a t  a l low growth and a d a p t a b i l i t y  f o r  l a r g e r ,  more 

s o p h i s t i c a t e d  veh ic l e s .  This computer could c o n t r o l  a CB, SLS, and ESP 

j o i n t  checkout f a c i l i t y  i f  t h e  customer chose t o  i n t e g r a t e  t h e  System T e s t  

Complex a t  t h e  CB c o n t r a c t o r ' s  p l an t  and at KSC. 

In t eg ra t ed  c i r c u i t s  used i n  t h e s e  computers provide  increased  r e l i a b i l i t y  

and reduced s i z e .  

The a v a i l a b i l i t y  of t h e s e  computers is expected t o  be b e t t e r  i n  t h e  

VOYAGER t i m e  per iod ,  and c o s t s  should be  equal  t o  o r  lower than  second 

o 

o 
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USE OF SYSTEM TEST COMPLEX EQUIPMENT FOR LCE FUNCTION 
KSC 

3. LCE Monito 

Phone Line - Standard 3KHZ Telephone line 
A2A Line - Standard Wide Band Line Figure 4.2-1 

Capsule 
Bus 
STC 

USE OF MISSION DEPENDENT EQUIPMENT AND MISSION INDEPENDENT 
EQUIPMENT IN THE SYSTEM TEST COMPLEX 

- 
All  CB Normal Telemetry and Command Functions 

(P) - Parallel Digital Data 
( S )  - Serial Digital  Data 

MDE = Mission Dependent Equipment 
MIE = Mission Independent Equipment 

Figure 4.2-2 
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/ 

genera t ion  equipment. 

o Many of t h e s e  computers are t a i l o r e d  f o r  te lemet ry  and checkout use. 

c ia l  hardwired l o g i c  is provided f o r  h igh  p r i o r i t y  i n t e r r u p t s ,  on a weight- 

ed p r i o r i t y  b a s i s .  Algorithms are a v a i l a b l e  f o r  a v a r i e t y  of TM and 

encoding formats ,  such as v a r i a b l e  b i t  rate, v a r i a b l e  word l eng th  PCM. 

Convolutional decoding a lgor i thms and f a s t- F o u r i e r  transforms f o r  MFSK 

processing are also a v a i l a b l e  i f  requi red .  W e  have chosen a n  SDS Sigma 5 
series computer as an  example f o r  implementation of our  approach. 

W e  w i l l  provide sof tware  f o r  t h e  CDS i n  program modules. 

f o r  c o n t r o l  of t h e  CDS p e r i p h e r a l  devices ,  and engineering u n i t s  conversion 

programs requi red  f o r  manual computer c o n t r o l  of t h e  STC w i l l  be  developed 

e a r l y  i n  Phase D. Operat ional  sof tware  f o r  automatic  test sequencing, d a t a  

suppression,  and l i m i t s  comparison programs are requi red  only f o r  automatic 

computer c o n t r o l  of t h e  STC. I n i t i a l  p repa ra t ion  of Support Software is 

planned t o  a s s u r e  e a r l y  a v a i l a b i l i t y  of t h e  STC f o r  manual 

Spe- 

o Support sof tware  

opera t ions .  

4.3.1 Requirements and Cons t ra in ts  - The STC m e e t s  bo th  customer and CB contrac-  

t o r  requirements and c o n s t r a i n t s .  

l i s t e d  below: 

Those having major impact on STC des ign  are 

o Acquiring, processing,  d i s t r i b u t i n g ,  and d i sp l ay ing  of Capsule, OSE, and 

test f a c i l i t y  d a t a  f o r  real-time and non- real- time a n a l y s i s  by t h e  use  of 

a genera l  purpose computer system. 

o Providing c a p a b i l i t y  t o  vary  Capsule parameters,  o r  e x t e r n a l l y  suppl ied  

s i g n a l s ,  f o r  requi red  performance t e s t i n g .  

o I s o l a t i n g  t r o u b l e  t o  t h e  provis ioned s p a r e  replacement level. 

o Cen t r a l ly  c o n t r o l l i n g  o r  d i r e c t i n g  t h e  Capsule o r  any of i t s  subsystems, 

i nd iv idua l ly  o r  i n  combination, through a complete o r  s e l e c t e d  p o r t i o n  of 

a system test by t h e  use  of a gene ra l  purpose computer system. 

Manually c o n t r o l l i n g  t h e  Capsule o r  any combination of i t s  subsystems, t o  

any ope ra t ing  mode, and i n  any sequence, provided f o r  by t h e  normal cap- 

s u l e  test  c i r c u i t r y .  

o 

o Providing e x t e r n a l  power and s imula t ing  f l i g h t  b a t t e r y  power. Providing 

b a t t e r y  power. 

and test  b a t t e r i e s .  

Provide growth c a p a b i l i t y  t o  accept  the a n t i c i p a t e d  test requirements of 

a CB f o r  t h e  1975 launch opportuni ty.  

Providing b a t t e r y  charge c a p a b i l i t y  of t h e  Capsule f l i g h t  

o 

o Providing safeguards t o  prevent  t h e  occurrence of damage t o  a Capsule o r  
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any of t h e  subsystems due t o  improper sequencing of  test s t e p s ,  o r  due t o  

STC element malfunct ion o r  f a i l u r e .  

o U s e  o f  Se lec ted  Subsystem T e s t  Equipment (SSTE) i n  t h e  STC. 

I n  add i t i on ,  t h e  CB s t e r i l i z a t i o n  requirements impose a test po in t  inaccess-  

a b i l i t y  c o n s t r a i n t  unique t o  t h e  VOYAGER program. 

access t o  t h e  CB f o r  test command and d a t a  p o i n t s  by maximum u t i l i z a t i o n  of f l i g h t  

TM and t h e  i n- f l i g h t  checkout system5 and t h e  fol lowing access requirements:  

W e  have provided t h e  STC w i t h  

(1) S/C Flyaway Umbilical - provide approximately twenty (20) w i r e s  and one 

coax cab le  f o r  CB t e s t i n g  and monitoring. 

Space Vehicle  l i f t - o f f .  

CB Can i s t e r  Umbilical - provide approximately one hundred f i f t y  (150) 

w i r e s  through t h e  sea l ed  c a n i s t e r  f o r  pyro and CB subsystem t e s t i n g .  

These w i l l  be  used f o r  CB t e s t i n g  p r i o r  t o  i n s t a l l a t i o n  of t h e  PV shroud. 

These w i l l  be  a v a i l a b l e  up t o  

(2) 

4.3.2 

func t iona l  groups ; 

Equipment I d e n t i f i c a t i o n  L i s t  - STC equipment can  be d iv ided  i n t o  t h e s e  

o STC Consoles - S i x  small consoles ,  each wi th  a CRT f o r  d a t a  d i sp l ay ,  a 

keyboard f o r  addressing t h e  CDS computer, and c r i t i ca l  h a r d l i n e  d i sp l ays  

and commands. 

Computer Data System (CDS) - A t h i r d  genera t ion  computer wi th  m u l t i p l e  

memory blocks and expandable 1/0 c a p a b i l i t y  which c e n t r a l l y  c o n t r o l s  t h e  

e n t i r e  STC. 

o 

o CDS Pe r iphe ra l  and I n t e r f a c e  Equipment - Tape machines, l i n e  p r i n t e r s ,  and 

card r eade r s  used t o  record d a t a  and provide i n p u t s  t o  t h e  computer. 

STC Required MDE - An exac t  d u p l i c a t e  of t h e  M>E equipment used a t  t h e  

DSIF s t a t i o n s  t o  d e t e c t  and decode t h e  CB down-link d a t a ,  and genera te  

t h e  up- link commands t h a t  are requi red  dur ing  t h e  mission. Software f o r  

t h e  Telemetry and Command Processes  (TCP) computer i s  a l s o  i n  t h i s  cate- 

gory 
STC Required MIE - An exac t  d u p l i c a t e  of t h e  Telemetry and Command Pro- 

c e s s o r  Computer used a t  t h e  DSIF'S. 

Ground Data Transmission System (GDTS) - A two way, very  low e r r o r  pro- 

b a b i l i t y  system used t o  t r ansmi t  CB TCM parameters and o t h e r  non-TCM 

o 

o 

o 

' g round  test d a t a  and commands between t h e  STC and remotely loca t ed  OSE. 

o T e s t  Director's Cnnsole - This  console  is t h e  f o c a l  po in t  f o r  execut ive  

c o n t r o l  of CB subsystems t e s t i n g  i n  t h e  STC. This  console  has complete 

c r i t i c a l  h a r d l i n e  d i s p l a y s  as w e l l  as a CRT, and enables  t h e  o the r  con- 
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s o l e s  f o r  s i n g l e  o r  any combination of subsystems t e s t i n g .  

Simulators  - S/C, SLS, and DSIF i n t e r f a c e  s imu la to r s  and c o n t r o l  equipment 

r equ i r ed  f o r  t e s t i n g  and compatabi l i ty  demonstration. 

o 

o Spec ia l  Purpose STC Equipment - Timing and d i s t r i b u t i o n ,  CCTV, i n t e r c o m ,  

recording,  complex cab l ing ,  and o t h e r  support  equipment r equ i r ed  t o  com- 

p l e t e  t h e  STC complement. 

4 . 3 . 3  

STC wi th  t h e  va r ious  equipment i d e n t i f i e d .  This  arrangement i s  t h e  same f o r  both  

CB con t r ac to r  and KSC l o c a t i o n s .  It con ta ins  32 c a b i n e t s ,  7 consoles ,  2 computer 

con t ro l l ed  p r i n t o u t  devices .  

4 . 3 . 4  
4 . 3 - 2  has t h e s e  s a l i e n t  ope ra t iona l  f e a t u r e s :  

Phys ica l  C h a r a c t e r i s t i c s  - Figure  4.3.-1 shows t h e  proposed layout  of t h e  

Opera t iona l  Descr ip t ion  - The STC, shown i n  t h e  block diagram of F igure  

o Closed-loop computer c o n t r o l l e d  test sequence c o n t r o l  (by test r o u t i n e  

blocks)  f o r  automatic CB t e s t i n g .  

Manual test sequence c o n t r o l  by t h e  use  of key-board access t o  t h e  computer 

from each subsystem console  and t h e  T e s t  D i r e c t o r ' s  Console. 

AN/CRT d i sp l ays  f o r  maximum f l e x i b i l i t y .  

o 

o 

o Suppressed d a t a  Prfn.tout 

o Automatic l i m i t s  comparison of a l l  da ta .  

o P r i o r i t y  i n t e r r u p t  techniques f o r  immediate execut ion of s a f e t y  sequences 

us ing  f i x e d  po in t  and f l o a t i n g  po in t  techniques.  

f o r  cr i t ical  CB o r  emergency condi t ions .  

U s e  of MDE, and t h e  Mission Independent Telemetry and Command Processor  

(TCP) Computer 

Demodulation and decommutation of t h e  CB t o  S/C UHF d a t a  l i n k  independent 

of t h e  S/C S-band re t ransmiss ion  l i n k .  

o 

o 

4 . 3 . 5  

f a c i l i t i e s  a t  KSC, where cons iderable  d i s t a n c e s  exist between t h e  STC, and t h e  CB 

a t  t h e  ESF o r  pad. 

f a c i l i t y  where t h e  CB is  being t e s t e d  i n  t h e  a l t i t u d e  chamber. 

and 4 .3- 4  

t ransmiss ion  of commands t o  t h e  CB and remote OSE, and one wide band A2A type  l i n e  

f o r  t ransmiss ion  of CB and OSE d a t a  back t o  t h e  STC. 

4 . 3 . 6  

t h e  CDS provides f o r  real t i m e ,  h igh  speed t e s t i n g  of t h e  CB, y e t  r e t a i n s  man-in- 

the- loop f o r  c r i t i ca l  contingency func t ions  not  foreseen  i n  t h e  compui .r program- 

ming. 

I n t e r f a c e  Def in i t i on  - The s i g n i f i c a n t  i n t e r f a c e  of t h e  STC occurs  w i th  

This  i n t e r f a c e  occurs  t o  a lesser e x t e n t  a t  t h e  CB c o n t r a c t o r ' s  

F igures  4 .3- 3  

show how t h i s  i n t e r f a c e  is made using one s tandard  phone l i n e  f o r  

R e l i a b i l i t y  and Sa fe ty  - Our approach t o  automation of t h e  STC by use  of 

Appl ica t ion  of t h i s  approach provides:  
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i 

CAPSULE BUS SYSTEM TEST COMPLEX EQUIPMENT 

TITLE 

Test Director’s Console 
High Speed Line Printer 
X -Y  Plotter 

TCM Console 
Sequencer and Pyrotechnics Console 
Radar Console 
Guidance and Control Console 
Propulsion and Thermal Control Console 
Power and Distribution Console 
Timing Distribution and Data Conversion Unit 
intercom, P.A. Access, Telephone 
SLS and ESP Simulators 
TCP Computer 
TCP Peripheral Equipment 
Magnetic Tape Recorders 
Strip Chart Recorders 
CDS Computer 
CDS Computer Peripheral Equipment 
Ground Data Transmission System 
Spacecraft Simulator 

CB MDE 

Figure 4.3-1 
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CAPSULE BUS SYSTEM TEST COMPLEX (STC) 
BLOCK DIAGRAM 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAPSULE BUS TEST AT CB CONTRACTOR FAClTlTY 7 
I 

I 

------ 
@Sensors I 

Frequency 

Used for CB Test in ESF 
I 
1 
I I Emergency Functions 
I i.e. (Fuel Dump, Power Off) f 

Supplies 

~ OSE 

I 

Capsule 
Bus/Spocecraft 
Interface Connector 

Test Commands and Verification 

Generators Commands 3 m 
C 

C 

7 

.- + 

Facilities - 

I 1-h Commands to/from LCCCB t 
Launch Control Monitor Console b ---- ------ _I--- - --_.-----_I J 

4-b = Analog Data 

+-b(P) = Parallel Digital Data 

t-+ (5) = Serial Digital Data 

t------, = Other (as indicated) 

Notes: 

A Communicotions Controller 
Out+Test Dato Display 
In c Subsystem and STC Test Log 

Information, Data Requests, 
Manual Commonds. A Not Used at Launch Pad 

Figure 4.3-2 
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Capsule B u s  Data from 
Spacecraft Ground Station 

During Integrated Test 

SLS in Flight C/O and 
Cruise Mode Data to 

SLS Contractor 

Manual Control Inhibit 

Therr 
C 

Instrumentation and Guidance and 
Pyro Console 

~~~1 I 
Test Directors Console 

;ion and 
Control I Power and 

Distribution Console 



Capsule 
Bus 
STC 

Required 
MD E 

STCILCEIMDE INTERFACE DIAGRAM 
FACTORY 

LCE Monitor Functions and C B  TM Data (One Wideband) 

CB Commands 
4 

* 

LCE Control Functions 
P 

LCE 
Located 
Near the 

Capsule Bus 
System Test 

Area 

STC/LCE/MDE INTERFACE DIAGRAM 
KSC 

Figure 4.3-3 

CB Hazard Alarm Functions (Hardlines) 

-1 LCE 
Located 
a t  the 
ESF I LCE Monitor Functions andCB TM Data (One A2A Line) 

CB Commands (One Phone Line) 

Capsule STC 
B u s  Required 
STC MDE LCE Monitor Functions and CB TM Data (One A2A Line) t- 

One Phone Line 

Phone Line - Standard 3KHZ Telephone Line 
A2A Line - Standard Wide Band Line 

Figure 4.3-4 
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o 

o 

High test r e p e a t a b i l i t y ,  w i t h  m i n i m u m  ope ra t ing  t i m e  on CB equipment. 

On-line STC s e l f - t e s t ,  w i th  computer augmentation t o  assist i n  STC 

f a u l t  i s o l a t i o n .  

High p r i o r i t y  automatic  emergency sequencing of t h e  CB and STC t o  p r o t e c t  

t h e  CB and personnel .  

o 

The CDS computer chosen w i l l  be  t h i r d  genera t ion ,  have b u i l t- i n  test capabi l -  

These f e a t u r e s  provide high 
L 

i t Y ,  and use  micro c i r c u i t s  f o r  t h e  active elements. 

r e l i a b i l i t y  t o  t h i s  important element of t h e  STC. 

up c a p a b i l i t y  f o r  emergency sequencing and c r i t i c a l  d i s p l a y s  is provided t o  m e e t  

any anomaly. 

However, complete manual back- 

Sect ion  4.4 w i l l  show usage of STC t o  implement a l a r g e  po r t ion  of t h e  LCE 

Those STC elements used i n  t h e  launch phase must m e e t  t h e  r e l i a b i l -  requirements.  

i t y  requirements of Sec t ion  4.4.4. 

4.3.7 

ment. 

which c o n t r o l s  t h e  STC. 

sof tware  program i n t o  two groups as descr ibed  i n  Paragraph 4.3: t h e  Support Software, 

used i n  both t h e  manual and automatic STC modes, and t h e  Operat ional  Software, 

used f o r  automatic ,  c losed  loop opera t ions .  The Support Software requi red  f o r  

e a r l y  STC ope ra t ion  uses  programs which are l a r g e l y  developed and i n  use. 

f i c a n t  p a r t  of t h e  execut ive  r o u t i n e s  are de l ivered  wi th  t h e  computer. 

manner, de lays  i n  STC opera t ion  due t o  sof tware  a v a i l a b i l i t y  are minimized. A 

d e t a i l e d  d e s c r i p t i o n  of sof tware  development is  provided i n  Sec t ion  8. 

4.3.8 

t o  m e e t  t h e  test requirements of a more soph i s t i ca t ed  mission a t  t h e  1975 launch 

opportuni ty s p e c i f i c a l l y  i n  t h e s e  areas: 

Development S t a t u s  - Equipment used i n  t h e  STC w i l l  r e q u i r e  minimum develop- 

The s i g n i f i c a n t  development v i s u a l i z e d  i s  sof tware  f o r  t h e  CDS computer 

We have minimized t h e  r i s k  i n  t h i s  area by sepa ra t ing  t h e  

A s ign i-  

I n  t h i s  

' 

Growth Capabi l i ty  - Our STC approach provides s i g n i f i c a n t  growth c a p a b i l i t y  

o CDS computer - t h i r d  genera t ion  computers posess  increased  speed and 

power which permits  t h e  f u t u r e  a d d i t i o n  of 1/0 devices ,  t hus  providing 

c a p a b i l i t y  t o  process  much l a r g e r  q u a n t i t i e s  of d a t a  than  p re sen t ly  re- 

quired.  

o CRT Displays - Provides maximum d i s p l a y  and format c a p a b i l i t y  on a page 

c a l l  up b a s i s .  

4.3.9 

are f u n c t i o n a l l y  descr ibed  i n  d e t a i l  as fol lows:  

4.3.9.1 STC Consoles 

Equipment Funct ional  Descr ip t ion  - The equipment groups i d e n t i f i e d  above 

a. I d e n t i f i c a t i o n  and Usage - The STC subsystem consoles  are used i n  t h e  
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b. 

C. 

d. 

performance of integrated systems level tests of the Capsule Bus. Although 

each console is part of its own Subsystem Test Equipment (SSTE), the subsy- 

stem consoles are described in this section because of their extensive 

functional interface with the STC. 

o TCM Instrumentation 

o Power and Distribution 
o Sequencer and Pyrotechnics 

o Radar 
o Guidance and Control 

o Propulsion & Thermal Control 

The subsystem consoles include: 

c 

Design Characteristics - The subsystem consoles directly interface with 
the CDS computer in the STC. 

tions to initiate tests of its Capsule Bus subsystem via a keyboard dis- 

play assembly. 
call up instructions to the computer which will in turn display the data 

in english language on a display cathode ray tube (CRT). 

computer oriented interface 
gree of design commonality and a close similarity of physical characteris- 

Each console can generate computer instruc- 

The keyboard is also used to send Capsule Bus test data 

The digital, 

of these consoles makes possible a high de- 

tics, interfaces and operational capabilities. 
Physical Characteristics - A typical console configuration shown in 
Figure 4.3-5 consists of a two-bay sitdown type console with slanted con- 
trol and display panels containing an alphanumeric cathode ray tube (AN/ 
CRT) capable of simultaneously displaying any 32 test parameters available 

from the CDS computer. 
critical functions are also provided. 
board assembly for communication with the CDS computer. 

discusses the keyboard display in detail. 
console dc power supply, logic unit (input/output buffer for GDTS), ac 

power panel, blowers and storage drawer. 

Operational Description - Each console's subsystem monitor and control 
functions are described below: 

o 

Analog and discrete indicators and controls for 

The writing surface contains a key- 
Section 4.3.9.2 

Located below the shelf is a 

TCM Instrumentation Console - Provides the operator with the capability 
to monitor the Capsule Bus TCM subsystem when the STC is in the auto- 

matic or manual modes. 
subsystem data and MDE status requests that instruct the CDS computer 

to print, in engineering units, the requested data. Upon receipt of 

The console keyboard is used to generate TCM 
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TYPICAL STC CONSOLE 

Figure 4.3-5 
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an enable  s i g n a l  from t h e  T e s t  D i r e c t o r ' s  Console, t h e  keyboard can 

gene ra t e  TCM subsystem test r eques t s ,  t h e  r e s u l t s  of which are automa- 

t i c a l l y  p r i n t e d  on the AN/CRT. 

Power and D i s t r i b u t i o n  Console - Provides t h e  opera tor  wi th  t h e  capa- 

b i l i t y  t o  monitor t h e  Capsule Bus Power Subsystem and gene ra t e  test re- 

ques t s  i n  t h e  same manner as described f o r  t h e  TCM Instrumentat ion 

Console. I n  a d d i t i o n ,  t h e  console  d i s p l a y s  s t a t u s  information per- 

t a i n i n g  t o  t h e  remote loca t ed  Ground Power and D i s t r i b u t i o n  Equip- 

ment and l o c a l  STC f a c i l i t y  power via analog and b i l e v e l  d i s c r e t e  

i n d i c a t o r s .  Cr i t ica l  func t ions  are t r ansmi t t ed  via t h e  GDTS and re- 

dundant ha rd l ines  i n  a d d i t i o n  t o  t h e i r  normal CDS computer l i n k ,  and 

have an alarm i n d i c a t o r  a s soc i a t ed  wi th  each. Control  switches re- 

l a t e d  t o  t h e s e  c r i t i c a l  func t ions  provide supplemental manual con t ro l .  

o 

c 

o Sequencer and Pyrotechnics  Console - Provides t h e  ope ra to r  wi th  t h e  

c a p a b i l i t y  t o  monitor and test  t h e  Capsule Bus Sequencer Subsystem and 

pyrotechnic c i r c u i t s  via  a keyboard d i s p l a y  i n  t h e  s a m e  manner as t h e  

o t h e r  subsystem consoles .  

A l a r m  and Monitor System func t ions  r e l a t e d  t o  t h e  pyrotechnic subsystem 

by d i s c r e t e  i n d i c a t o r s  and provides manual backup c o n t r o l s  by which 

t h e  ope ra to r  can sequence t h e  Capsule t o  a s a f e  condi t ion .  

Radar Console - Provides t h e  ope ra to r  w i th  t h e  c a p a b i l i t y  t o  monitor 

and tes t  the landing r ada r  and r a d a r  a l t i m e t e r  subsystem us ing  a key- 

board d i sp l ay  assembly as descr ibed f o r  t h e  o t h e r  subsystem consoles .  

Guidance and Control  Console - Provides t h e  opera tor  w i t h  t h e  c a p a b i l i t y  

t o  monitor and test t h e  Capsule Bus Guidance and Control Subsystem by 

u s e  of a keyboard d i sp l ay  assembly i n  t h e  same manner as descr ibed 

f o r  t h e  o the r  STC subsystem consoles .  

Propuls ion  and Thermal Console - Provides t h e  ope ra to r  w i th  t h e  capa- 

b i l i t y  t o  monitor and test t h e  Propulsion and Thermal Subsystems us ing  

a keyboard d i sp l ay  assembly as previous ly  descr ibed  f o r  t h e  o t h e r  STC 

subsystem consoles.  I n  add i t i on ,  t h i s  console  d i sp l ays  and genera tes  

alarms f o r  c r i t i ca l  parameters r e l a t e d  t o  t h e  Hazard A l a r m  and Moni- 

t o r  System inc luding  p rope l l an t  and gas p re s su res ,  temperatures  and 

vapor d e t e c t o r  s t a t u s .  Manual c o n t r o l  and monitor func t ions  requi red  

t o  r e t u r n  t h e  Capsule t o  a s a f e  cond i t i on  are independently t ransmit-  

t e d  by ha rd l ines  as a backup t o  t h e  normal CDS computer con t ro l .  

The console  a l s o  provides d i sp l ay  of Hazard 

o 

o 

o 
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e. Typical  Console I n t e r f a c e  - The f u n c t i o n a l  b lock  diagram of F igure  4.3-6 

shows t h e  i n t e r f a c e s  common t o  t h e  t y p i c a l  STC console  inc luding  CDS com- 

p u t e r ,  T e s t  D i r e c t o r ' s  Console, f a c i l i t y  power, STC intercom, GDTS and 

ana log  ha rd l ines .  

Computer Data System (CDS) - The CDS c o n s i s t s  of a high speed t h i r d  genera- 4.3.9.2 

t i o n  genera l  purpose computer and p e r i p h e r a l s  which is used i n  t h e  System T e s t  

Complex (STC) t o  s a t i s f y  t h e  fol lowing requirements and c o n s t r a i n t s :  

a. Control  t h e  capsule  o r  any of i t s  sub-systems through a complete o r  

s e l e c t e d  p o r t i o n  of a system test.  

b. Control  and/or  d i r e c t  t h e  STC elements during system test sequences. 

c. Acquire, p rocess ,  eva lua t e ,  s t o r e  and d i s t r i b u t e  a l l  capsule  and STC 

elements d a t a  requi red  f o r  real t i m e  and non- real t i m e  a n a l y s i s  of a l l  

capsule  system tests performed by t h e  STC. 

I n  conjunct ion wi th  STC elements,  provide means t o  manually c o n t r o l  t h e  

capsule  test t o  any mode, i n  any mode, and i n  any sequence. 

d. 

4.3.9.2.1 

4.3-7. It w i l l  c o n s i s t  o f :  

Phys i ca l  C h a r a c t e r i s t i c s  - The CDS conf igu ra t ion  i s  shown i n  F igure  

a. Cent ra l  Processor  Unit (CPU) 

b. Core Memory 

c. Mul t ip lexer  Input/Output Processor  (MIOP) 
d. Input/Output Device Con t ro l l e r s  

e. CDS p e r i p h e r a l  Group 

4.3.9.2.2 Funct iona l  Descr ip t ion  - The func t iona l  d e s c r i p t i o n  of t h e  CDS is  as 

fol lows:  (See Figure 4.3-8 f o r  func t iona l  block diagram). 

a. Data Acquis i t ion  - The CDS acqu i r e s  d a t a  from t h e  Telemetry and Command 

Processor  and o the r  STC elements. 

l e d  r e g i s t e r s  o r  core  memory f o r  subsequent l i m i t  checking, d a t a  sup- 

press ion ,  and output  t o  p e r i p h e r a l  equipment f o r  d i sp l ay ,  recording,  mass 

s t o r a g e  o r  s t a t u s  monitoring. 

lows : 

o 

The d a t a  is s t o r e d  i n  program cont ro l-  

Typical  d a t a  input  t o  t h e  CDS is  as f o l-  

Range t iming s i g n a l s  from c e n t r a l  t i m e  d i s t r i b u t i o n  group f o r  t i m e  

tagging d a t a  and sequencing test events .  

Capsule test d a t a  from t h e  Ground Data Transmission System (GDTS) f o r  

monitor and eva lua t ion  

Manual commands from STC elements inc luding  t h e  T e s t  D i r e c t o r ' s  Con- 

s o l e  

o 

o 
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u i i  e r  

Figure 4.3-7 
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I- in 

Figure 4.3-8 
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o STC s t a t u s  s i g n a l s  and d a t a  r e q u e s t s  from STC elements and t h e  T e s t  

D i r ec to r  

o Hazard alarms and emergency s i g n a l s  from STC elements 

o 

Data Processing and Data Evaluat ion - The ope ra t ions  performed by t h e  

CDS f a l l  i n t o  two major areas; real-time d a t a  processing and eva lua t ion ,  

and pos t- te s t  d a t a  process ing  and eva lua t ion .  

o 

F a c i l i t y  power s t a t u s  and cond i t i on  

b. 

R e a l- t i m e  - The d a t a  processing and eva lua t ion  normally accomplished 

by t h e  CDS on a real t i m e  b a s i s  w i l l  be  only  t h a t  d a t a  which i s  re- 

qui red  f o r  succes s fu l  completion o€ test. Data is  acqc i red ,  converted 

i n t o  t h e  requi red  format,  l i m i t  checked, suppressed, tagged wi th  test 

l i m i t s  code, and read i n t o  memory f o r  ou tput  t o  CDS p e r i p h e r a l  group 

and STC elements. S t a t u s  of sub-systems, and STC elements i s  moni- 

tored  con t inua l ly ,  updated and s t o r e d  i n  memory f o r  output  t o  pe r i-  

p h e r a l  devices ,  STC elements,  and t h e  T e s t  D i r ec to r ' s  Console. C r i -  

t i c a l  temperatures ,  p re s su re s ,  power supply vo l t ages ,  etc., are moni- 

tored  con t inua l ly  f o r  hazardous condi t ions .  

o r  ou t  of t o l e r a n c e  condi t ion  is de tec t ed ,  a n  appropr i a t e  p r i o r i t y  

i n t e r r u p t  is generated that i n i t i a t e s  an  STC s e l f  check followed by a 

c o r r e c t i v e  a c t i o n  o r  sa fe- opera t ion  sub- rout ine i n  t h e  CDS. 

sub- rout ines  e i t h e r  sequence t h e  a f f e c t e d  sub-system o r  STC element 

t o  a s a f e  ope ra t ing  mode, o r  immediately remove power depending upon 

t h e  c r i t i c a l i t y  of  t h e  unsafe condi t ion .  

When a hazardous condi t ion  

These 

o Pos t  T e s t  (non-real- time)- The d a t a  processing and eva lua t ion  accom- 

p l i shed  by t h e  CDS on a non- real- time b a s i s  w i l l  be  t h a t  d a t a  which 

must be  f u r t h e r  evaluated f o r  t roubleshoot ing ,  s i g n a t u r e  ana lyses ,  

t rend  ana lyses ,  d a t a  expansion, and playback of previous tests o r  

po r t ions  of tests. 

CDS on cormnand of t h e  T e s t  Di rec tor  and/or  CDS opera tor .  

test r o u t i n e s  are i n i t i a t e d  by manual e n t r y  of t h e  test r o u t i n e  ad- 

d r e s s  by t h e  CDS keyboard opera tor .  The CDS v e r i f i e s  t h a t  t h e  sub- 

systems and STC elements are i n  a ready cond i t i on  p r i o r  t o  i n i t i a t i n g  

t h e  test sequence. Unique test programs o r  d e t a i l e d  t roubleshoot ing  

sequences are manually en tered  i n  t h e  CDS by t h e  keyboard opera tor .  

These s p e c i a l  test modes are con t ro l l ed  by t h e  

Repe t i t i ve  

c. Trend Analysis  - Real iz ing  t h e  advantages of providing a t rend  a n a l y s i s  

f o r  system and sub-systems, McDonnell is  p r e s e n t l y  s tudying methods of 
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implementing t h e  inhe ren t  t r end  a n a l y s i s  c a p a b i l i t y  of t h e  CDS, t o  provide 

an accu ra t e  and r ap id  method of d e t e c t i n g  important  t r ends  i n  t h e  system 

and subsystems p r i o r  t o  and subsequent t o  launch. 

t r end  a n a l y s i s  being considered are: 

o 

The major modes of  

On Line Analysis  - This mode i s  used s imultaneously wi th  t h e  real t i m e  

test program and provides a continuous monitor of system o r  subsystem 

t rends .  However, 

i n  core  memory versus  t h e  normal real t i m e  t e s t i n g  program of t h e  CDS 

l i m i t s  t h e  number of t r ends  t h a t  can be monitored, evaluated and p lo t-  

ted .  Once t h e  real-time test program is  su f f - i c i en t ly  developed t o  

t h e  amount of h i s t o r i c a l  d a t a  requi red  t o  be s t o r e d  

provide an i n d i c a t i o n  of t h e  remaining computer bandwidth and core  

memory a v a i l a b l e ,  a reasonable  estimate of a real-time t rend  a n a l y s i s  

program can be made. 

Off Line Analysis  - This  mode can be run  on a low p r i o r i t y  on- line 

b a s i s  during real- time tests o r  can be run  on a post  test b a s i s  dur ing  

pos t  test d a t a  eva lua t ion .  Therefore,  i t  i s  v i r t u a l l y  open ended i n  

t h a t  i f  des i r ed ,  subsystem 'data taken from t h e  f i r s t  test  ever  run on 

t h e  subsystem can be  compared wi th  a l l  subsequent test d a t a  and evaluat-  

ed f o r  s i g n i f i c a n t  t r ends .  The h i s t o r i c a l  d a t a  can be s to red  i n  d i s c  

memory o r  on magnetic t ape  which al lows a n  unl imited amount of d a t a  t o  

be r e t a ined  f o r  f u t u r e  use. 

o 

d. Input/Output Transfer  - The b a s i c  element of CDS information i s  a 32 b i t  

word. The core  memory, which is  addressable  by e i t h e r  t h e  CPU o r  t h e  

MIOP w i l l  have a minimum of 16,384 32-bit words (expandable t o  131,072). 

The CDS ope ra t e s  i n  e i t h e r  t h e  master mode o r  t h e  slave mode. The 

master mode is  t h e  b a s i c  opera t ing  mode of t h e  CDS. 

r e s i d e n t  execut ive  program c o n t r o l s  and suppor ts  t h e  opera t ion  of o t h e r  

programs (which may be i n  e i t h e r  master o r  slave mode). The slave mode 

i s  t h e  problem so lv ing  mode of t h e  CDS. 

1/0 Operation - Input/Output ope ra t ions  are p r imar i ly  under c o n t r o l  of t h e  

MIOP. This  a l lows  t h e  CPU t o  concent ra te  on program executors .  Normally, 

t h e  CPU w i l l  execute  i n s t r u c t i o n s ,  t h e  MIOP executes  commands, and t h e  

device  c o n t r o l l e r s  o r  1/0 devices  execute orders .  

I n  t h i s  mode, t h e  

e. 

4.3.9.2.3 

8 MIOP'S each capable  of support ing simultaneous opera t ion  of 32 Input/Output devices .  

CDS Pe r iphe ra l  Group - The CDS uses  one MIOP but  can accommodate up t o  
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This  provides t h e  CDS wi th  a f u t u r e  mission expansion c a p a b i l i t y  of opera t ing  wi th  

up t o  256 Input/Output devices  connected. The.CDS p e r i p h e r a l s  inc lude :  

a. Magnetic Tape Recorder Group - Two 9- track, IBM compatible,  h igh  speed 

incremental  magnetic t a p e  r eco rde r s  are provided t h a t  ope ra t e  a t  75 IPS 

t o  provide  t r a n s f e r  rate of up t o  480,000 b i t s  per  second. These 

r eco rde r s  w i l l  be  used t o  record :  

o T e s t  r e s u l t s  as a BCD recording of t h e  d a t a  p r i n t e d  on t h e  h igh  speed 

p r i n t e r  a t  t h e  T e s t  D i r ec to r s  Console. 

T e s t  h i s t o r y ,  inc luding  command and c o n t r o l  r eques t s  i n i t i a t e d  by t h e  

T e s t  D i r ec to r  and t h e  STC Sub-system OSE Operators.  

Records of parameter changes en tered  e i t h e r  manually by STC keyboards 

o r  by t h e  t a b  card reader .  

o 

o 

o Trend a n a l y s i s  d a t a ,  command i n p u t s ,  and analog d i r e c t  acces s  da t a .  

Multipurpose Keyboard Displays - Keyboard Displays w i l l  be  provided a t  

t h e  T e s t  D i r ec to r s  Console and s e l e c t e d  STC subsystem consoles .  These 

keyboard d i s p l a y s  w i l l  provide t h e  fol lowing c a p a b i l i t i e s :  

o A means of nanual ly  en t e r ing  parameter changes, a l t e r i n g  o r  wr i t i ng  i n  

b.  

new slave mode programs f o r  s e l e c t e d  subsystems, and cal l- up of s p e c i f i c  

d a t a  f o r  d i sp l ay .  This  w i l l  a l low t h e  T e s t  D i r ec to r  and/or Subsystem 

OSE Operator t o  manually c o n t r o l  t h e  Capsule o r  any of i t s  subsystems 

t o  any opera t ing  mode, and i n  any opera t ing  mode t o  any sequence 

provided f o r  by t h e  CDS r e s i d e n t  execut ive  program. 

o A means of e d i t i n g  t e x t  (parameter changes, slave mode program changes, 

d a t a  r eques t s ,  etc.)  p r i o r  t o  t r ansmi t t i ng  t h e  message t o  t h e  CDS. This  

i s  accomplished by t h e  opera tor  typing i n  h i s  message (which is  d i s-  

played on a s e l e c t e d  area of t h e  CRT), performing h i s  e d i t  func t ion ,  

and then  t r ansmi t t i ng  t h e  message when des i r ed .  

o Displaying,  on an  8 1 / 2  x 11 inch  alpha-numeric CRT, 32 l i n e s  (86 

c h a r a c t e r s  pe r  l i n e )  of test d a t a  form t h e  CDS e i t h e r  under program 

c o n t r o l  o r  as requested by t h e  opera tor .  

c a p a b i l i t y  t o  r o l l  d a t a  forward o r  backward, back space and write- over 

by cha rac t e r  o r  l i n e ,  and erase by cha rac t e r ,  l i n e ,  o r  page as  d e s i r e d .  

The opera tor  w i l l  have t h e  

c. Line P r i n t e r  - A f u l l y  buf fered  l i n e  p r i n t e r  w i l l  be provided f o r  t h e  

T e s t  D i r ec to r  t h a t  w i l l  be capable of p r i n t i n g  a t  speeds of 600 l i n e s /  

minute minimum wi th  132 p r i n t  pos t ions  per  l i n e .  

t h e  r e s u l t s  of t h e  test ,  provide d i r e c t  c o r r e l a t i o n  wi th  t h e  test p lan ,  

The p r i n t e r  w i l l  record 
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d. 

e. 

f .  

g -  

i n d i c a t e  t h e  n a t u r e  of any malfunct ions,  and record any d e v i a t i o n s  from 

t h e  pre-programmed plan.  Upon succes s fu l  completion of t h e  tes t ,  t h e  

p r i n t e r  w i l l  p repare  t h e  test d a t a  record f o r  buy-off. A s  a minimum, 

t h e  p r i n t e r  w i l l  r ecord  t h e  following: 

o P r i o r  t o ,  and subsequent t o  tes t ,  t h e  p r i n t e r  w i l l  record test log  

information such as l ists  of equipment under test and accumulative 

ope ra t ing  t i m e s ,  i d e n t i f i c a t i o n  of test being performed, and s t a t u s ,  

i d e n t i f i c a t i o n ,  and cond i t i ons  of STC elements and test f a c i l i t i e s .  

During a l l  tests t h e  p r i n t e r  w i l l  record test d a t a  such as d a t e  and t i m e  

i n  GMT, s t a t u s  changes and event  occurrences,  opera t ing  modes of t h e  

STC and Capsule, alarm messages, procedure i n  u s e  and s t e p  number, and 

a l l  o the r  d a t a  (da t a  d i s p l a y  suppressed) necessary f o r  real t i m e  

eva lua t ion  of t h e  Capsule o r  subsystem under test .  

o 

Card Reader & Card Punch Equipment - A standard 80 column card reader  wi th  

reading speeds of up t o  400 cards/minute and a card punch wi th  punching 

speeds of up t o  300 cards/minute w i l l  be provided. The card reader  and 

punch w i l l  be  used f o r  assembling new programs and en te r ing  parameter 

changes during tests. 

Rapid Access Data Storage System (RAD) - The RAD w i l l  provide an  a d d i t i o n a l  

memory s to rage  capac i ty  f o r  t h e  CDS without d i s t u r b i n g  CDS co re  memory o r  

e x i s t i n g  programs. 

o r  sequences t o  be assembled, w r i t t e n  i n t o  d i s c  memory, and c a l l e d  up by 

t h e  CPU when requi red .  

Keyboard P r i n t e r  - The keyboard p r i n t e r  w i l l  be  used by t h e  CDS opera tor  t o  

perform funct ions  such as opera t ions  c o n t r o l ,  e r r o r  and s t a t u s  message 

r epor t ing ,  and s i m i l a r  forms of communications wi th  t h e  CDS. This  provides 

d i r e c t ,  manual i npu t  t o  t h e  computer, and automatic  hard copy p r i n t o u t  of 

computer output .  

X-Y P l o t t e r  - A two a x i s  d i g i t a l  incremental  p l o t t e r  w i l l  be  provided f o r  

record ings  of s e l e c t e d  s i g n a l s  f o r  real t i m e  and pos t  test  a n a l y s i s .  

This  system w i l l  enable  whole o r  p a r t i a l  test programs 

4.3.9.2.4 

components: 

I n t e r f a c e  D e f i n i t i o n  - The CDS w i l l  i n t e r f a c e  wi th  t h e  fol lowing 

(See F igure  4.3-9 f o r  i n t e r f a c e  drawing).  

STC subsystem and STC unique OSE (STC Elements) a. 

b. Telemetry and Command Processor  (TCP) 

c. Ground Data Transmission System (GDTS) 

d.  T e s t  D i r e c t o r ' s  Console 
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e. Timing D i s t r i b u t i o n  Group 

f .  Data Conversion Unit 

g. S t r i p  Chart Recorder Group 

4.3.9 .2 .5  CDS Software - The CDS sof tware  package w i l l  c o n s i s t  of computer manu- 

f a c t u r e r  suppl ied  sof tware  and con t r ac to r  developed software.  

d iv ided  i n t o  func t iona l  groups and modules t o  main ta in  easier c o n t r o l  and develop- 

ment. 

ware. (For a d e t a i l e d  d e s c r i p t i o n  of sof tware  management, development, packaging, 

and test language, See P a r t  D ,  Sec t ion  8, of t h i s  volume.) 

4.3.9 .2 .6  

mult ipurpose,  on l i n e ,  real  t i m e ,  t i m e  shar ing  requirements  t h a t  demand continuous 

ope ra t ion ,  f a s t e r  response,  reduced maintenance times, and a longer  mean t i m e  be t-  

ween f a i l u r e  (MTBF). 

l e v e l s  of des ign ,  product ion,  and ope ra t iona l  r e l i a b i l i t y .  The candida te  CDS 

manufacturers must demonstrate t h a t  t h e i r  products  w i l l ,  as a minimum, m e e t  t h e  

fol lowing c o n s t r a i n t s  i n  a d d i t i o n  t o  t h e  P assigned as a r e s u l t  of Phase C 

R e l i a b i l i t y  ana lyses .  

The  sof tware  w i l l  be 

The two major func t iona l  groups are Support sof tware  and Opera t iona l  Soft-  

CDS R e l i a b i l i t y  - The intended usage of t h e  CDS in  t h e  STC imposes 

These requirements  can be  m e t  on ly  by adhering t o  t h e  h ighes t  

S 

a. Design R e l i a b i l i t y  

o Proven Components and Vendor Se l ec t ion  

o Maximum U s e  of In t eg ra t ed  C i r c u i t s  and Sol id  S t a t e  Devices 

o Modular Construct ion 

o Proven C i r c u i t s  and Worst Case Design 

o Power Trans ien t  Control  

o Product V e r i f i c a t i o n  T e s t s  

b. Product ion R e l i a b i l i t y  

o 

o High R e l i a b i l i t y  Product ion Methods 

o 100% Tes t ing  of Active Elements 

o Sub-system t e s t i n g  i n  Production 

o In-depth q u a l i t y  planning 

Engineering - Manufacturing Design Reviews 

c. Operat ional  R e l i a b i l i t y  

o Pyramid and S t a i r c a s e  Diagnost ics  

o F i e l d  Engineering Product Evaluat ion 

o Prevent ive  Maintenance Procedures 

o F i e ld  Q u a l i t y / R e l i a b i l i t y  Reporting 

The g r e a t e s t  d e t e r r e n t s  t o  CDS ope ra t iona l  r e l i a b i l i t y  are input  power 
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t r a n s i e n t s  t h a t  may a f f e c t  i t s  sub-systems. Component d e r a t i n g  and conserva t ive  

c i r c u i t s  cannot p r o t e c t  systems from a l l  t r a n s i e n t  stresses t h a t  may cause f a i l u r e s .  

P ro t ec t ion  must come from power system con t ro l .  Accordingly, t h e  CDS w i l l  have as 

a minimum, t h e  fol lowing power t r a n s i e n t  p r o t e c t i o n  and c o n t r o l  f e a t u r e s :  

o A means of p r o t e c t i n g  t h e  CDS co re  memory content  during power-on and 

power-off even t s ,  whether t h e  t r a n s i e n t s  are i n i t i a t e d  i n t e n t i o n a l l y  

by t h e  ope ra to r ,  o r  induced a c c i d e n t a l l y  by power l i n e  o r  o the r  

d is  t urbanc es 

A means of preserv ing  t h e  s t a t u s  of t h e  CDS CPU (during power-up and 

power-down t r a n s i e n t s )  wi th  s u f f i c i e n t  completeness t o  enable an  

i n t e r r u p t e d  program t o  restart au tomat ica l ly  i f  des i r ed  from t h e  po in t  

i t  w a s  i n t e r r u p t e d ,  r e g a r d l e s s  of t h e  du ra t ion  of power f a i l u r e .  

A means of p r o t e c t i n g  t h e  Rapid Access Data Storage System (d i sc )  

memory from a c c i d e n t a l  e r a su re  o r  errat ic  over-writing during power- 

up and power-down t r a n s i e n t s .  

o 

o 

4.3.9.2.7 

during t h i s  phase of t h e  s tudy has  been l imi t ed  t o  t h e  s e l e c t i o n  of a func t iona l  

group of computers. A t r a d e  s tudy t h a t  suppor ts  t h i s  s e l e c t i o n  i s  presented i n  

P a r t  D,  Sec t ion  10 of t h i s  volume. This  s tudy shows t h a t  t h e  Funct ional  Group of 

Computers def ined  as  " t h i r d  Generation" i s  bes t  s u i t e d  f o r  t h e  CDS a p p l i c a t i o n .  

CDS Candidates - Se lec t ion  of a candida te ,  o r  group of candida te  CDS's 

I n  view of t h i s ,  McDonnell has  s tud ied  t h e  requirements and c o n s t r a i n t s  f o r  t h e  

CDS and p re sen t ly  cons iders  and S c i e n t i f i c  Data Systems (SDS) Sigma 5 ,  "Third 

Generation Computer" as a candida te  f o r  t h e  CDS. 

knwon requirements w i l l  m e e t  t h e  a n t i c i p a t e d  VOYAGER 1975 requirements,  and provides 

maximum growth p o t e n t i a l  w i th  a minimum of hardware and software changes. 

4.3.9.3 T e s t  D i r ec to r s  Console 

The Sigma 5 meets a l l  p r e s e n t l y  

a. I d e n t i f i c a t i o n  and Usage - The T e s t  D i r e c t o r ' s  Console is  a t h r e e  bay 

console  assembly t h a t  provides t h e  necessary c o n t r o l s ,  d i s p l a y s  and 

communications t o  enable  t h e  T e s t  Di rec tor  t o  coord ina te  system test 

complex a c t i v i t i e s  during t h e  performance of Capsule Bus system tests. 

Design C h a r a c t e r i s t i c s  - The T e s t  D i r ec to r ' s  Console is  designed around 

a keyboard d i s p l a y  assembly t h a t  d i r e c t l y  i n t e r f a c e s  wi th  t h e  CDS computer. 

The func t iona l  d e s c r i p t i o n  i n  Sec t ion  4.3 .9 .2  desc r ibes  t h e  keyboard d i s-  

p lay  assembly i n  d e t a i l .  I n  a d d i t i o n  t o  t h e  computer i n t e r f a c e ,  t h e  

console  con ta ins  Capsule Bus emergency shutdown and ha rd l ine  c o n t r o l  

and d i s p l a y  func t ions  requi red  f o r  STC c o n t r o l  and coord ina t ion .  Capsule 

b. 
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C. 

d. 

e. 

Bus and STC test s t a t u s  s i g n a l  t ransmiss ion  t o  t h e  Launch Monitor Console 

i n  t h e  LCC are a lso  provided. 

Phys ica l  C h a r a c t e r i s t i c s  - The T e s t  D i r e c t o r ' s  Console i s  provided wi th  

s l a n t e d  c o n t r o l  and d i s p l a y  panels ,  a desk top  mult ipurpose keyboard d i s p l a y  

u n i t ,  w r i t i n g  s u r f a c e  and under t h e  she l f  pane ls  conta in ing  CDS i n t e r f a c e  

l o g i c  u n i t ,  d i s p l a y  d r i v e r  u n i t ,  vo i ce  frequency tone  gene ra to r s ,  dc power 

supply, s to rage  drawer, cab ine t  blower and ac power c o n t r o l  panel .  F igure  

4.3-10 i l l u s t r a t e s  t h e  T e s t  D i r e c t o r ' s  Console. 

Operat ional  Descr ip t ion  - The Tesl:  D i r e c t o r ' s  Console i s  t h e  c e n t r a l  c o n t r o l  

po in t  i n  t h e  Capsule Bus STC. The keyboard i s  used t o  i n i t i a t e  test and 

f a u l t  i s o l a t i o n  r o u t i n e s  by sending i n s t r u c t i o n s  t o  t h e  CDS computer and 

a l s o  t o  c a l l  up test d a t a  d i s p l a y s  on t h e  AN/CRT. Analog and d i s c r e t e  

d i s p l a y s  provide monitor c a p a b i l i t y  f o r  computer independent func t ions ,  

wi th  d i s c r e t e  emergency shutdown commands being i n i t i a t e d  from a c o n t r o l  

pane l  as requi red .  I n  a d d i t i o n ,  t h e  console  sends d i s c r e t e  s i g n a l s  t o  t h e  

LCC t o  keep t h e  Launch Control  Console opera tor  aware of t h e  s t a t u s  of 

t h e  Capsule Bus and test progress .  An intercom panel  is  used t o  main ta in  

vo ice  con tac t  wi th  each subsystem console  and o t h e r  ope ra t iona l  p o s i t i o n s ,  

inc luding  remote support  sites such as t h e  Spacecraf t  and PV c o n t r o l  room, 

ESF, Pad and DSIF 71. 

t h e  T e s t  D i r e c t o r ' s  Console receives test reques t  s i g n a l s  from t h e  

ind iv idua l  subsystem consoles ,  and genera tes  t e s t  commands. The enable  

commands are in te r locked  wi th  t h e  Subsystem Consoles command c i r c u i t  t o  

p o s i t i v e l y  prevent  inadver ten t  o r  

D i g i t a l  t iming d i s p l a y s  provide continuous monitor of real t i m e ,  t es t  t i m e  

and countdown t i m e .  Voice tone  f requencies  are used t o  t ransmi t  CB s t a t u s  

t o  t h e  CB Launch Monitor Console i n  t h e  LCC. 

I n t e r f a c e  D e f i n i t i o n  - The major i n t e r f a c e s  of t h e  T e s t  D i r e c t o r ' s  Console 

are depic ted  i n  t h e  block diagram, F igure  4.3-11. 

For e i t h e r  automatic  o r  manual modes system t e s t i n g ,  

ou t  of sequence command transmission.  

4.3.9.4 Ground Data Transmission System 

Equipment I d e n t i f i c a t i o n  and Usage - The Ground Data Transmission system (GDTS) i s  

used t o  send commands from t h e  System T e s t  Complex (STC) t o  t h e  remotely loca ted  

Capsule Bus (CB) and OSE. This  system a l s o  c o l l e c t s ,  formats ,  and t r ansmi t s  d a t a  

from t h e  remotely loca t ed  equipment and Capsule Bus t o  t h e  STC. One e x i s t i n g  A2A 

and one te lepone  l i n e  are used t o  connect each romote s i te  wi th  t h e  STC. 

Design Requirements and Cons t r a in t s  - The GDTS i s  requi red  t o  perform t h e  fol lowing 
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TEST DIRECTOR’S CONSOLE 
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Figure 4.3-10 
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BLOCK DIAGRAM - TEST DIRECTOR'S CONSOLE 
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func t ions :  

1. D i g i t i z e  analog s i g n a l s  and mul t ip l ex  t h e s e  wi th  b i l e v e l  and d i g i t a l  d a t a  

a t  t h e  CB. 

2. Transmit t h e  d a t a  wi th  p a r i t y  t o  t h e  STC. 

3. Format t h e  rece ived  d a t a  f o r  i n t e r f a c e  wi th  t h e  CDS and STC Consoles. 

4. Format STC commands and t ransmi t  them t o  t h e  CB v i c i n i t y  us ing  error 

c o n t r o l  techniques.  

5. Receive t h e  commands a t  t h e  CB and r o u t e  them t o  t h e  CB and CB v i c i n i t y  

OSE. 

Phys ica l  C h a r a c t e r i s t i c s  - The GDTS i s  contained i n  two s tandard  c a b i n e t s  as 

The CB Terminal Unit  i s  loca t ed  i n  t h e  test area ad jacen t  shown i n  F igure  4.3-12. 

t o  t h e  CB and t h e  STC Terminal Unit  is  loca t ed  i n  t h e  CB Cont rac tor ' s  c o n t r o l  room. 

A t  KSC, t h e  t e rmina l s  are connected by t h e  e x i s t i n g  A2A l i n k  and a vo ice  grade 

te lephone l i n e .  For CB f a c t o r y  t e s t i n g ,  t h e  te rmina ls  are connected by c o a x i a l  cab le s .  

Operat ional  Descr ip t ion  - The opera t ion  of t h e  GDTS I s  described i n  t h r e e  

p a r t s :  a) t h e  Capsule Bus and v i c i n i t y  OSE t o  System T e s t  Complex d a t a  flow (down- 

l i n k ) ;  b) t h e  System T e s t  Complex t o  Capsule Bus and OSE command flow (upl ink) ;  and 

c )  command v e r i f i c a t i o n  and s e l f  test .  

The GDTS downlink - Funct ional  block diagram i s  shown i n  Figure 4.3-13. CB 

and OSE test  parameters are routed t o  t h e  CB Terminal Unit  f o r  s i g n a l  condi t ion ing ,  

mul t ip lex ing ,  d i g i t i z i n g ,  and t ransmiss ion  over t h e  A2A l i n k .  

Analog dc  vo l t age  i n p u t s  are appl ied  t o  a v a r i a b l e  ga in  mul t ip lexer .  

of o the r  analogs (e.g. ac, phase, o r  r e s i s t a n c e )  t o  dc v o l t a g e s  i s  accomplished 

i n  t h e  s i g n a l  condi t ioner  p r i o r  t o  mul t ip lex ing .  

and d i g i t a l  word inpu t s .  

t h e  analog t o  d i g i t a l  conver te r ,  provide channel i d e n t i f i c a t i o n ,  c o n t r o l  and d a t a  

t r a n s f e r  from t h e  inpu t s ,  and perform output  format t ing  c o n t r o l .  

s e r i a l i z e s  t h e  d a t a ,  supp l i e s  synchronizat ion p a t t e r n s ,  and adds p a r i t y  b i t s .  The 

serial  Pulse  Code Modulated (PCM) t i m e  mul t ip lex  output  is  appl ied  t o  a vo l t age  

con t ro l l ed  o s c i l l a t o r  (VCO). The VCO output  is  a frequency s h i f t  keyed s i g n a l  

which i s  summed wi th  VCO ou tpu t s  from t h e  fol lowing sources:  

Conversion 

Storage i s  provided f o r  b i l e v e l  

The timing genera tor  provides c lock  s i g n a l s  t o  c o n t r o l  

The format te r  

Radio frequency UHF l i n k  d a t a  (demodulated i n  t h e  OSE UHF Receiving 

System). 

The i n- f l i g h t  checkout PCM h a r d l i n e  output .  

The c r u i s e  commutator PCM h a r d l i n e  output .  

The premodulated UHF l i n k  PCM ha rd l ine  output .  
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GROUND DATA TRANSMlS*SlON SYSTEM, UPLINK 
FUNCTIONAL BLOCK DIAGRAM 
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o The e r r o r  c o n t r o l  decoder r e t r ansmi t  s i g n a l .  

The summed VCO ou tpu t s  produce a 500 KHz bandwidth frequency modulation (FM) 
mul t ip l ex  which i s  compatible wi th  t h e  A2A t ransmiss ion  l i n e .  

A t  t h e  STC Terminal Uni t ,  t h e  FM mul t ip l ex  i s  demodulated and routed as fol lows:  

The Telecommunications Subsystem PCM s i g n a l s  are sen t  t o  t h e  STC-located Mission 

Dependent Equipment (MDE). 

l i n k  e r r o r  c o n t r o l  encoder. The demodulated t i m e  mu l t ip l ex  output  i s  decoded by 

recovering synchroniza t ion  checking p a r i t y  and convert ing t h e  d a t a  from serial  t o  

p a r a l l e l .  The d a t a  wi th  I D  b i t s  is  presented t o  t h e  STC Computer Data System and 

Subsystem Consoles by u s e  of an  output  s t o r a g e  bu f fe r .  

The e r r o r  c o n t r o l  r e t r ansmi t  s i g n a l  i s  s e n t  t o  t h e  up- 

The GDTS up l ink  f u n c t i o n a l  block diagram i s  shown i n  F igure  4.3-12. T e s t  

Commands and execute s i g n a l s  are accepted from t h e  Computer Data System, t h e  

Telemetry and Command Processor  and t h e  Subsystem Console Manual Input  Panels .  

d a t a  is  I D  tagged and s e r i a l i z e d  wi th  synchronizat ion b i t s .  The serial output  i s  

Bose-Chaudhuri e r ro r- con t ro l  encoded and sen t  t o  a frequency s h i f t  keyer.  The 

output  bandwidth i s  2400 Hz which is  compatible wi th  s tandard voice  grade te lephone 

l i n e s .  The CB Terminal Cu i t  decodes t h e  Bose-Chaudhuri coding and i f  an e r r o r  i s  

The 

de t ec t ed ,  r eques t s  a re t ransmiss ion  v i a  t h e  downlink whi le  i n h i b i t i n g  output  of t h e  

erroneous command. The chance of an  erroneous command being accepted by t h e  decoder 

i s  1 .5  x The decoder output  is  converted t o  p a r a l l e l  format and synchroni-- 

z a t i o n  i s  acquired.  The I D  decoder determines t h e  d a t a  address ,  and an ind iv idua l  

l i n e  from t h e  decoder i n d i c a t e s  each rece ived  address .  

P a r a l l e l  ou tput  i s  s e n t  wi th  decoded I D  l i n e s  f o r  remote c o n t r o l  of t h e  UHF 

Receiving System and t h e  Remote S t imula t ion  Equipment. Storage r e g i s t e r s  are 

provided f o r  remote c o n t r o l  of t h e  Grourcl Power and D i s t r i b u t i o n  Equipment, and t h e  

Spacecraf t  Simulator.  Information f o r  e n t r y  i n t o  t h e  CB Sequencer and T i m e r  (S&T) 

Subsystem i s  s to red  i n  a 32- bit p a r a l l e l- t o- s e r i a l  conver te r  and a d a t a  ready s i g n a l  

i s  s e n t  t o  t h e  S&T. 

used t o  s e r i a l l y  output  t h e  32 b i t s  t o  t h e  S&T subsystem. 

Upon r e c e i p t  of a S&T reques t  s i g n a l ,  a clock and counter  are 

Command V e r i f i c a t i o n  and Se l f  T e s t  - The requirement t o  prevent inadver tan t  

test sequences o r  commands from being appl ied  t o  t h e  SL imposes s t r i n g e n t  l i m i t s  upon 

t h e  performance of t h e  GDTS and r e q u i r e s  a means of command v e r i f i c a t i o n .  

The u s e  of t h e  Bose-Chaudhuri encoding technique provides v i r t u a l l y  e r r o r  f r e e  

command transmission.  

re- transmission t o  achieve  a b i t  e r r o r  p r o b a b i l i t y  of 1 .5  x based on a 

t ransmiss ion  l i n e  b i t  e r r o r  p r o b a b i l i t y  of 10 

This  c y c l i c  coding method uses  e r r o r  d e t e c t i o n  and d a t a  

-5 . The technique is  e f f e c t i v e  f o r  
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s i n g l e  b i t  e r r o r s ,  m u l t i p l e  consecut ive (bu r s t )  e r r o r s ,  and complete s i g n a l  loss. 

I n  t h i s  approach e r r o r  c o n t r o l  t akes  p l ace  p r i o r  t o  test s t i m u l i  app l i ca t ion .  

I n  add i t i on ,  s t i m u l i  r e l a y  p o s i t i o n s  (received commands) are monitored and auto-  

m a t i c a l l y  compared wi th  t h e  t r ansmi t t ed  command by t h e  Computer Data System. 

This approach meets t h e  requirement f o r  l o w  e r r o r  command t ransmiss ion  i n  a 

manner which permi ts  t h e  use  of e x i s t i n g  land l ines ,  wi th  commercially a v a i l a b l e ,  

f i e l d  proven hardware and is s e l e c t e d  as our p re fe r r ed  concept.  

v e r i f i c a t i o n  concepts  s tud ied  dur ing  Phase B inc lude  technlques such as t h e  "echo 

check" technique employed by t h e  McDonnell-Douglas Sa turn  I V  B ACS and t h e  double 

command t ransmiss ion  method used by Apollo ACE. 

Other command 

Sel f  rest i s  performed on both t h e  upl ink  and downlink of t h e  GDTS. For t h e  

upl ink,  t he  Computer Data System sends s e l f  test d a t a  words via  t h e  GDTS STC Terminal 

t o  t h e  CB Terminal Unit  and t h e s e  d a t a  words are compared bi t- by- bit  i n  t h e  s e l f -  

tes t  eva lua tor .  The CB Terminal d a t a  r e g i s t e r  i npu t s  are i n h i b i t e d  so t h a t  t h e  CB 

and v i c i n i t y  us ing  elements r e t a i n  t h e i r  previous inpu t s  dur ing  s e l f  test. 

downlink, t h e  CB Terminal Unit  a p p l i e s  s e l f  test  s i g n a l s  t o  a l l  of i t s  d a t a  i npu t s  

and t h e  r e s u l t i n g  output  i s  t ransmi t ted  t o  t h e  Computer Data System via t h e  STC 

Terminal Unit f o r  eva lua t ion .  

For t h e  

Af te r  one complete d a t a  cyc l e ,  t h e  s e l f  test inpu t s  t o  both te rmina l  u n i t s  are 

removed and t h e  system i s  aga in  ope ra t iona l .  I n  t h i s  manner, s e l f  test  of t h e  

e n t i r e  GDTS is performed i n  250 mil l i seconds  wi th  minimum impact on t h e  test i n  

progress .  

I n t e r f a c e s  - The i n t e r f a c e  of t h e  GDTS wi th  t h e  Capsule Bus, STC, and o the r  OSE 

during CB systems level tests i s  shown i n  Figures  4 . 3- 1 2  (Uplink) and 4 . 3- 1 3  (Down- 

l i n k ) .  During PV i n t e g r a t i o n ,  t h e  i n t e r f a c e s  are s i m i l a r ,  except  t h a t  t h e  OSE 

umbi l ica l  is no t  used a f t e r  t h e  PV shroud is  i n s t a l l e d .  

4 . 3 . 9 . 5  STC Required Mission Independent Equipment (MIE) - The System T e s t  Complex 

(STC) requi red  MIE i s  a n  exac t  d u p l i c a t e  of t h e  Telemetry and Command Processor  (TCP) 

Computer and pe r iphe ra l s  used a t  t h e  Deep Space Instrumentat ion F a c i l i t y  (DSIF). 

4-32 

REPORT F694 0 VOLUME I1 0 PART D 0 31 AUGUST 1967 

MCDONNELL ASTRONAUNCS 



Telemetry and Command Processor  (TCP) - The TCP i s  a h igh  speed gene ra l  purpose 

computer system t h a t  i s  normally used i n  t h e  DSIF t o  provide  f l i g h t  comnands and 

decommutated Capsule Bus te lemet ry  da t a .  

t o  perform t h e  same te lemet ry  processing func t ions  during Capsule Systems T e s t .  

The TCP is  used i n  t h e  Systems T e s t  Complex 

a. Phys ica l  C h a r a c t e r i s t i c s  - The TCP p resen t ly  c o n s i s t s  of a S c i e n t i f i c  Data 

Systems (SDS) 920 Computer System, a magnetic t a p e  recorder  group, 1/0 

typewr i t e r ,  t ape  punch, and t ape  r eade r .  Because t h e  SDS 920 Computer is  

a s tandard SDS product covered i n  t h e  manufacturers l i t e r a t u r e ,  phys i ca l  

and ope ra t inna l  c h a r a c t e r i s t i c s  w i l l  no t  be repea ted  here in .  

Funct ional  Descr ip t ion  - The TCP t r a n s l a t e s  capsule  commands t o  t h e  re- 

qui red  format f o r  capsule  t e s t i n g ,  and provides on- s i te  d a t a  processing 

of te lemet ry  s i g n a l s  (See  f i g u r e  4.3-14 f o r  TCP func t iona l  block diagram). 

The TCP acqu i r e s  t h e  de- inter leaved capsule  bus te lemet ry  s i g n a l s  from t h e  

te lemet ry  MDE. 

datum on an a s soc i a t ed  bu f fe r .  

p a r a l l e l  input .  

a bu f fe r  area of memory where i t  i s  assembled i n t o  a word t h a t  i nc ludes  

a s i n g l e  cha rac t e r  code a s soc i a t ed  wi th  each ind iv idua l  d a t a  word. The 

decommutated, I D  tagged da t a  i s  then ready f o r  1/0 t r a n s f e r  t o  p e r i p h e r a l  

equipment and the  STC Computer Data System. All capsule  commands en tered  

i n  t h e  TCP are t r a n s l a t e d  t o  t h e  requi red  formats ,  s to red  i n  memory, and 

t r a n s f e r r e d  t o  t h e  command MDE. 

b.  

An i n t e r r u p t  l i n e  i s  used t o  i n d i c a t e  t h e  presence of 

Data i s  read i n t o  memory through t h e  

On execut ive  program reques t ,  t h e  da t a  i s  t r a n s f e r r e d  t o  

c. I n t e r f a c e s  - The TCP w i l l  i n t e r f a c e  wi th  t h e  fol lowing components (See  

Figure 4.3-14 f o r  TCP i n t e r f a c e s )  

o Telemetry MDE 

o Command MDE 

o STC Computer Data System (CDS) 

o TCP Pe r iphe ra l s  

TCP Pe r iphe ra l s  - The TCP p e r i p h e r a l s  inc lude  t h e  fol lowing equipment. 

o Magnetic Tape Recorder - The recorder  i s  used t o  s2me TCP processed 

te lemet ry  and command s i g n a l s  f o r  playback and f u t u r e  use.  

Tape Punch and Tape Reader - The punched t ape  equipment i s  used f o r  

assembling new programs, a l t e r i n g  e x i s t i n g  programs and loading t h e  

TCP memory. 

o 

o Input/Output (I/O) typewri te r  - The 1 / 0  typewri te r  i s  used f o r  ope ra t ion  
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TELEMETRY AND COMMAND PROCESSOR (TCP) 
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c o n t r o l ,  e r r o r  a n d . s t a t u s  message r epor t ing ,  and s imula t ion  of Space 

F l i g h t  Operations F a c i l i t y / S t a t i o n  Communications Processor  (SFOF/SCP) 

communications w i t h  t h e  TCP. 

TCP Software - The TCP sof tware  used i n  t h e  STC w i l l  be  i d e n t i c a l  t o  t h a t  MDE 

sof tware  package developed f o r  DSIF usage. This  sof tware  w i l l  be developed e a r l y  

i n  Phase D ,  and w i l l  be  used during i n i t i a l  Capsule Bus system t e s t i n g  a t  t h e  CB 

c o n t r a c t o r ' s  f a c i l i t y  t o  ensure e a r l y  compa t ib i l i t y  between t h e  Capsule Bus and DSIF. 

The MDE sof tware  package f o r  t h e  TCP is  descr ibed  i n  P a r t  D,  Sec t ion  4.5.4 of t h i s  

volume. Fur ther  d e t a i l s  of sof tware  management, development, package and test  

language are descr ibed  i n  P a r t  D,  Sec t ion  8 of t h i s  volume. 

4 .3 .9 .6  Simulators  

Equipment I d e n t i f i c a t i o n  and Usage - Capsule Bus major modules and i n t e r f a c i n g  

f l i g h t  systems s imula tors  are used t o  support  module bui ldup and system t e s t i n g .  

The s imula tors  provide a l l  requi red  i n t e r f a c e  s i g n a l s  and loads  t o  perform i n t e g r a t e d  

t e s t i n g  p r i o r  t o  i n t e r f a c i n g  wi th  t h e  f l i g h t  modules and systems. Thermal s imula tors  

are requi red  f o r  environmental t e s t i n g  of systems which have a thermal  i n t e r f a c e .  

ESP s imula tor  requirementsare based on ESP f a b r i c a t i o n  by a s e p a r a t e  con t r ac to r ;  

t hese  w i l l  be  r ev i sed  when ESP t echn ica l  management i s  determined. 

Required s imula tors  and t h e i r  usage are: 

S imulat  o r  Usage 

a. Canis te r  and Adapter A t  CB c o n t r a c t o r ' s  f a c t o r y  during module 

bui ldup and system test. 

b. Capsule Lander A t  CB c o n s t r a c t o r ' s  f ac to ry  f o r  module 

bui ldup and system test.  

c. CB t o  Spacecraf t  Supplied t o  t h e  Spacecraf t  con t r ac to r  by 

( E l e c t r i c a l  & Thermal) CB con t r ac to r ;  used i n  module bui ldup ,  

system test ,  and environmental t e s t i n g .  

d. Spacecraf t  Mounted Supplied t o  t h e  Spacecraf t  con t r ac to r  by 

CB Support Equipment CB con t r ac to r ;  used i n  module bui ldup and 

system test.  

e. CB t o  ESP Supplied t o  t h e  ESP con t r ac to r  by CB con- 

t r a c t o r ;  used i n  module bui ldup and system 

test.  
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Simulator  

f .  CB t o  SL 

(Electrical & Thermal) 

Usage 

Supplied t o  t h e  SL con t r ac to r  by CB con- 

t r a c t o r ;  used i n  module bui ldup ,  system 

test, and environmental t e s t i n g .  

g. Sur face  Laboratory Supplied t o  CB con t r ac to r  by SLS contrac-  

( E l e c t r i c a l  & Thermal) t o r ;  used a t  CB c o n t r a c t o r ' s  f a c t o r y  dur- 

(GFE) ing  module bui ldup ,  syst.em test ,  and en- 

vironmental t e s t i n g .  

h. Entry Science Package Used a t  CB c o n t r a c t o r ' s  f a c t o r y  during 

(Electrical & Thermal) module bui ldup,  system tes t ,  and environ- 

(GFE) mental  t e s t i n g .  

i. Spacecraf t  Supplied t o  CB con t r ac to r  by s p a c e c r a f t  

( E l e c t r i c a l  & Thermal) con t r ac to r ;  used during module bui ldup,  

(GFE) system tests, and environmental t e s t i n g  

a t  t h e  CB c o n t r a c t o r ' s  f ac to ry  and a t  KSC. 

Phys ica l  C h a r a c t e r i s t i c s  - The electr ical  s imula tors  are i n s t a l l e d  i n  s tandard  

Power and cool ing  €or  t h e  simu- e l e c t r o n i c  cab ine t s  and grouped by us ing  loca t ion .  

l a t o r s  are i n t e g r a l  t o  each cabine t .  

Funct ional  Descr ip t ion  - Each s imula tor  is  descr ibed b r i e f l y  as t o  i t s  func t ion  

i n  support  of t h e  SSTS and STC during test .  

a. Canis te r  and Adapter Simulator - This s imula tor  provides manually s e l e c t a b l e  

d i g i t a l  words and analog s i g n a l s  s imulat ing t h e  fol lowing Can i s t e r  and 

Adapter func t ions ;  i n- f l i g h t  checkout subsystem commands and c a l i b r a t e  

s i g n a l s ,  te lemetry d a t a  from thermal c o n t r o l ,  sequencer,  power, pyros,  

c r u i s e  commutator, and p r e s s u r i z a t i o n  and vent ing  subsystems i n  t h e  Canis- 

ter and Adapter. 

b. Capsule Lander - This  s imula tor  i s  func t iona l ly  s i m i l a r  t o  t h e  Canis te r  

and Adapter s imula tor .  

er func t ions .  

The loads  and responses s imula te  t h e  Capsule Land- 

c. CB t o  Spacecraf t  ( E l e c t r i c a l  and Thermal) - The CB t o  spacec ra f t  e lectr ical  

s imula tor  provides t h e  following c a p a b i l i t i e s :  

o s u p p l i e s  loads  f o r  t h e  spacecraf t- generated commands and d i sp l ays  t h e i r  

r e c e i p t  

o supp l i e s  loads  f o r  spacec ra f t  power, and d i sp l ays  cu r r en t  and vo l t age  

l e v e l s  
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o receives s p a c e c r a f t  b i t  and €rame synchroniza t ion  s i g n a l s  and genera tes  

synchronous c r u i s e  commutator and i n- f l i g h t  checkout PCM data .  

swi tches  on t h e  c o r r e c t  PCM d a t a  when d i r e c t e d  t o  by s p a c e c r a f t  command 

genera tes  two UHF modulated RF ou tpu t s  f o r  s imula t ion  of t h e  CB i n- f l i g h t  

checkout. 

o 

o 

UHF s i g n a l  s t r e n g t h  i s  v a r i a b l e  and its magnitude i s  displayed.  

A f u n c t i o n a l  b lock  diagram of t h e  CB t o  s p a c e c r a f t  s imula tor  i s  shown i n  

F igure  4 . 3- 1 5 .  

The CB t o  Spacecraf t  Thermal Simulator performs two d i s t i n c t  func t ions  

during environmental t e s t i n g .  

acteris t ics  t o  t h e  spacec ra f t .  This inc ludes  hea t  t r a n s f e r r e d  by r a d i a t i o n  

through t h e  a f t  s u r f a c e  of t h e  CB Canis te r  and t h a t  t r a n s f e r r e d  by conduction 

through t h e  adapter  s t r u c t u r e .  The second is t o  s imula te  t h e  CB a f t  canis-  

ter  and adapter  f o r  pos t  s epa ra t ion  thermal t e s t i n g  of t h e  spacec ra f t .  

Spacecraf t  Mounted CB Support Equipment - This  s imula tor  supp l i e s  s i g n a l s  

which s imula te  t h e  output  of t h e  CB d a t a  s t o r a g e  subsystem which is  loca t ed  

i n  t h e  spacec ra f t .  

data .  

vided f o r  v e r i f i c a t i o n  of command r e c e i p t .  

CB t o  ESP - Synchronization s i g n a l s  and PCM are suppl ied  t o  t h e  ESP te lemet ry  

system f o r  checking t h e  ESP d a t a  i n t e r l e a v e r  by t h i s  s imulator .  Simulated 

events  such as touchdown are suppl ied  as w e l l  as d i s c r e t e  i n- f l i g h t  check- 

out  s igna l s .  

The f i r s t  i s  t o  s imula te  t h e  CB thermal char- 

d. 

Addit ional  s i g n a l s  s imula te  Spacecraf t  mounted CB s t a t u s  

Loading is  suppl ied  f o r  spacecraft- to-CB commands and d i sp l ay  i s  pro- 

e. 

f .  CB t o  SLS (Electr ical  & Thermal) - The e lec t r ica l  s imula tor  supp l i e s  DC 

power, i n- f l i g h t  checkout commands, and a touchdown s i g n a l  t o  t h e  SL. The 

CB t o  SL Thermal Simulator is  used f o r  SLS thermal t e s t i n g .  

t h e  CB thermal p r o p e r t i e s  ( r a d i a t i o n  and conduction) thus providing a 

means of eva lua t ing  t h e  SLS under mated condi t ions .  

It s imula tes  

g. Surface Laboratory ( E l e c t r i c a l  & Thermal) Simulator (GFE) - The Surface 

Laboratory Electrical Simulator  accepts  t h e  touchdown s i g n a l  and t h e  in-  

f l i g h t  checkout commands from t h e  Capsule Bus and d i sp l ay  v e r i f i c a t i o n  

of t h e i r  r e c e i p t .  

power wi th  d i sp l ay  of cu r r en t  and vol tage  magnitude. 

l a t o r  provides a thermal i n t e r f a c e  t h a t  r ep re sen t s  t h e  conductive and ra- 

d i a t i v e  c h a r a c t e r i s t i c s  of t h e  SL f o r  use  during CB f a c t o r y  environmental 

t e s t i n g  . 

Electrical loading is  provided f o r  t h e  CB suppl ied  SL 

The SL Thermal Simu- 
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C B  T O  SPACECRAFT ELECTRICAL SIMULATOR - BLOCK DIAGRAM 
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h. Entry Science Package (Electrical & Thermal) Simulator  (GFE) - The ESP 

Electrical Simulator provides t he i r equ i r ed  loads  and responses t o  t h e  Cap- 

s u l e  Bus. It conta ins  a Telecommunications Subsystem s imula tor  which accepts  

t h e  Capsule Bus synchronizat ion s i g n a l s ,  and provides a s imulated d a t a  out-  

put  f o r  checkout of t h e  CB interleaver. The ESP Thermal Simulator i s  s i m i -  

lar i n  func t ion  and usage t o  t h e  SL Thermal Simulator  descr ibed  above. 

i. Spacecraf t  (Electrical & Thermal) Simulator (GFE) - The Spacecraf t  Electr ical  

Simulator w i l l  provide an electr ical  pa th  from t h e  CB Ground Data Transmis- 

s i o n  System (GDTS) t o  t h e  capsule  bus f o r  commands, c r u i s e  commutator, and 

i n- f l i g h t  checkout da ta .  The s imula tor  supp l i e s  d a t a  synchronizat ion s i g n a l s  

t o  t h e  CB Telecommunications Subsystem. The Spacecraf t  Thermal Simulator 

is  similar i n  func t ion  and usage t o  t h e  SL Thermal Simulator descr ibed above. 

4.3.9.7 Spec ia l  Purpose STC Equipment 

Equipment I d e n t i f i c a t i o n  and Usage - The Spec ia l  Purpose STC Equipment completes 

t h e  ope ra t iona l  func t ions  of t h e  STC wi th  fol lowing major end i t e m s :  

a. Data Conversion Unit 

b. Timing D i s t r i b u t i o n  System 

c. Magnetic Tape Recording System 

d. S t r i p  Chart Recorder Group 

e. Mobile Maintenance Cart 

f .  Voice Communication System 

g. Complex Cabling 

h. Pyrotechnic T e s t  K i t  

i. Junct ion  Box 

j. TV Monitor (GFE) 

k. Countdown Timing & Display (GFE) 

Each of t he  above end i t e m s  i s  descr ibed below. 

a. Data Conversion Unit 

o Desipn Requirements and Cons t ra in ts  - The D a t a  Conversion Unit i s  re- 

qui red  t o  convert STC OSE, f a c i l i t y ,  and e x t e r n a l  ins t rumenta t ion  d a t a  

t o  a d i g i t a l  format compatible wi th  t h e  CDS computer. 

o Phys ica l  C h a r a c t e r i s t i c s  - The Data Conversion U n i t  c o n s i s t s  of t h r e e  

panels  mounted i n  a s tandard  cab ine t  w i th  t h e  Timing D i s t r i b u t i o n  System 

as shown i n  Figure 43-16. 
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TIMING DISTRIBUTION SYSTEM AND DATA CONVERSION UNIT 
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DATA CONVERSION UNIT FUNCTIONAL BLOCK DIAGRAM 
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o Opera t iona l  Descr ip t ion  - The Data Conversion Unit conver t s  OSE, f a c i l i t y ,  

and e x t e r n a l  ins t rumenta t ion  analog s i g n a l s  i n t o  d i g i t a l  form, and mult i-  

plexes  these  wi th  b i l e v e l  parameters i n  a format compatible wi th  t h e  CDS 

computer input /output  c o n t r o l l e r .  

forms i s  d i g i t i z e d  i n t o  8 b i t  words, tagged wi th  8 I D  b i t s  and s t o r e d  i n  

p a r a l l e l  u n t i l  c a l l e d  f o r  by t h e  CDS 1/0 c o n t r o l l e r  as shown i n  Figure 

4.3-16. When t h e  t r a n s f e r  of d a t a  from t h e  Conversion Unit t o  t he  CDS 

is  complete, t h e  Unit advances t o  t he  next  16 b i t s  of d a t a  and address .  

Thus, t h e  sample rate is  dependent on t h e  d a t a  t r a n s f e r  rate t o  t h e  CDS. 

When t h e  CDS processing load i s  r e l a t i v e l y  s m a l l ,  t h e  Data Conversion 

Unit sample  rate is  higher .  

CDS by switching t h e  mul t ip l exe r  and b i l e v e l  s t o r a g e  t o  a c a l i b r a t e d  in-  

pu t  whi le  t he  ou tpu t s  are monitored by t h e  CDS. 

The conver te r  i npu t  d a t a  i n  va r ious  

Se l f  test is  performed upon command from the  

o I n t e r f a c e s  - The Data Conversion Unit i n t e r f a c e s  wi th  STC Control  Room 

OSE end i t e m s ,  a CDS input /output  c o n t r o l l e r ,  and f a c i l i t y  d a t a ,  as shown 

i n  F igure  4.3-16. 

t e r n a l  ins t rumenta t ion  parameters w i l l  a l s o  i n t e r f a c e  wi th  the  conver te r .  

The Data Conversion Unit is  r e a d i l y  a v a i l a b l e  commercially of f- the- shel f ,  

wi th  no development r i s k ,  low cos t  and proven r e l i a b i l i t y .  

I n  t h e  LCE conf igura t ion ,  Launch Vehicle  d a t a  and ex- 

b. Timing D i s t r i b u t i o n  S y s t e m  

o Design Requirements and Cons t ra in ts  - The Timing D i s t r i b u t i o n  System is  

requi red  t o  provide test d a t a  c o r r e l a t i o n  t o  one mi l l i second.  

o Phys i ca l  C h a r a c t e r i s t i c s  - The Timing D i s t r i b u t i o n  System c o n s i s t s  of 

t h r e e  panels  mounted i n  a s tandard  cabine t  w i th  t h e  Data Conversion Unit 

as shown i n  Figure 4.3-16. 

o Operat ional  Descr ip t ion  - The Timing D i s t r i b u t i o n  System ope ra t e s  from 

e i t h e r  a s e l f  generated t i m e  code o r  an e x t e r n a l  t i m e  code input .  

information is  d i s t r i b u t e d  t o  t h e  requi red  STC elements i n  a s u i t a b l e  

format as shown i n  Figure 4.3-16. 

T i m e  

The T i m e  Code Genera tor /Trans la tor  is a high s t a b i l i t y  t i m e  code 

genera tor  which may b e  synchronized t o  an e x t e r n a l  t i m e  code input  such 

as range t i m e ,  o r  ope ra t e  independently when range t i m e  is  no t  a v a i l a b l e  

o r  f a i l s  f o r  any reason. 

(1000 pps) t i m e  code output ,  which is  routed t o  t h e  CDS f o r  t i m e  r e f e r-  

ence t o  1 mil l i second.  I n  add i t i on ,  a serial  I R I G  A output  provides a 

The Generator provides a p a r a l l e l  I R I G  A 
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t i m e  re fe rence  t o  t h e  Magnetic Tape Recorders. Two slow code ouputs are 

provided f o r  t h e  s t r i p  c h a r t  recorders .  Each genera tor  ou tput  is  ampli- 

f i e d  by a l i n e  a m p l i f i e r  t o  a vo l t age  t h a t  is  compatible wi th  t h e  using 

device. 

a backup a m p l i f i e r  i n  case of a l i n e  a m p l i f i e r  f a i l u r e .  

I n t e r f a c e s  - The Timing D i s t r i b u t i o n  System i n t e r f a c e s  wi th  t h e  CDS, 

Magnetic Tape Recording System, and S t r i p  Chart Recorders,  as shown i n  

F igure  4.3-16. 

thus  in su r ing  t h a t  t h e  STC t i m e  is  synchronized wi th  o the r  PV cont rac t-  

or s .  

A Patch Panel  is  used f o r  code s e l e c t i o n  and f o r  switching t o  

o 

A t  KSC, t h e  e x t e r n a l  t i m e  code inpu t  w i l l  be  range t i m e ,  

c. Magnetic Tape Recording System 

o Design Requirements and Cons t ra in ts  - A magnetic t ape  recording of 

STC and CB video and audio s i g n a l s  ( i . e .  Ground Data Transmission 

System mul t ip lex ,  t i m e ,  and voice)  is  requi red  f o r  o f f- l i n e  a n a l y s i s  

by t h e  STC o r  i n  case of STC malfunction. 

Phys i ca l  C h a r a c t e r i s t i c s  - The Magnetic Tape Recording System i s  

housed i n  t h r e e  s tandard  cab ine t s  as shown i n  Figure 4.3-17. 

Opera t iona l  Descr ip t ion  - The Magnetic,Tape Recording System conta ins  

two magnetic t ape  t r a n s p o r t s  wi th  d i r e c t  and frequency modulated 

record/reporduce e l e c t r o n i c s .  

diagram of t he  System. Inputs  and outputs  are wired t o  t h e  patch panel  

and patched t o  t h e  record e l e c t r o n i c s  and d a t a  switch. The switch 

connects t h e  reproduce outputs  of e i t h e r  recorder  t o  t h e  patch panel  i n  

t h e  reproduce mode. Inputs  are appl ied  t o  both record e l e c t r o n i c s  a t  a l l  

t i m e s .  Reproduce e l e c t r o n i c s  are opera t ing  cont inuously,  f o r  playback 

o r  record monitor. The frequency response of t h e  recorders  is  f l a t  t o  

750 KHz at  60 i n .  p e r  sec. The t r a n s p o r t  c o n t r o l  provides automatic  

start  of t he  empty recorder  as the  f u l l  recorder  nears  t h e  end of t h e  

tape.  The t ape  search  u n i t  provides t he  l o g i c  t o  l o c a t e  a po r t ion  of a 

recorded t ape  during playback by searching  f o r  a p a r t i c u l a r  t i m e  on t h e  

tape.  

monitor every channel input  o r  ou tput .  

ing  o r  reproducing intercom conversat ion on an intercom network. 

I n t e r f a c e  - The Magnetic Tape Recording System i n t e r f a c e s  wi th  t h e  

Timing D i s t r i b u t i o n  system, t h e  Ground Data Transmission System, and t h e  

Voice Communication System as shown i n  Figure 4.3-17 

o 

o 

Figure 4.3-17 is  a func t iona l  block 

The monitor pane ls  each conta in  7 s m a l l  o sc i l l o scopes  which 

Capab i l i t y  i s  provided f o r  record- 

o 
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MAGNETIC TAPE RECORDING GROUP 

MAGNETIC TAPE RECORDING SYSTEM FUNCTIONAL BLOCK DIAGRAM 

Figure 4.3-17 
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d. S t r i p  Chart Recorder Group 

o Design Requirements and Cons t ra in ts  - T h i r t y  two channels of analog 

record ing  and 100 channels of d i s c r e t e  func t ion  recording are requ i r ed  

t o  support  systems t e s t i n g .  The recorders  accept  analog vo l t ages  and 

d i s c r e t e  i n p u t s  from t h e  CDS. T i m e  codes are recorded t o  permit d a t a  

reduct ion  t i m e  c o r r e l a t i o n .  

Phys i ca l  C h a r a c t e r i s t i c s  - The S t r i p  Chart Recorder Group is  mounted i n  

t h r e e  s tandard  cab ine t s  as shown i n  Figure 4.3-18. 

o 

o Opera t iona l  Descr ip t ion  - Figure 4.3-18 shows a func t iona l  block diagram 

of t h e  Recorder Group. Digital- to-Analog Converter ou tputs  from t h e  

CDS Computer are wired t o  t h e  pa tch  panel  i npu t s .  Slow ( 1  pu l se  p e r  

minute) and f a s t  (2  pulses  per  second) t i m e  codes are a l s o  provided as 

pa tch  panel  i npu t s .  Eight  analog s i g n a l s  and two timing s i g n a l s  are 

patched t o  each recorder .  The recorders  are r e c t i l i n e a r ,  ink- type wi th  

pen p o s i t i o n  feedback. Thei r  frequency response is  dc t o  50 Hz. 

Bi leve l  parameter sets wi th  I D  b i t s  are s e n t  from t h e  CDS 1 /0  device 

t o  t h e  I D  decoder i n  t h e  Recorder Group i n  8 b i t  p a r a l l e l  groups. 

Manual switches c o n t r o l  t h e  decoder which selects t h e  b i l e v e l  sets (ID) 

and b i l e v e l  parameter of t h e  set t o  be recorded. When a d e s i r e d  I D  i s  

decoded, t h e  s e l e c t e d  b i t s  are t r a n s f e r r e d  t o  t h e  b i l e v e l  s to rage .  The 

s t o r a g e  outputs  are hardwired t o  t h e  b i l e v e l  recorder .  The recorder  

type  is  100 channel electr ic  w r i t e .  T i m e  s i g n a l s  are routed t o  t he  

extreme l e f t  and r i g h t  r i g h t  s t y l i .  

Recorder group opera t ion  i s  v e r i f i e d  by programming known inpu t s  

The recorder  opera tor  can then  v e r i f y  (analog and b i l e v e l )  from CDS. 

t h e  c o r r e c t  opera t ion  of each channel. Local  switches provide an 

ope ra t iona l  check by applying a known inpu t  on ind iv idua l  channels as 

required.  

I n t e r f a c e s  - The S t r i p  Chart Recorder Group i n t e r f a c e s  w i th  t h e  CDS 

computer f o r  i npu t s  as shown i n  Figure 4.3-18. 

o 

e. Mobile Maintenance Cart 

o Design Requirements and Cons t ra in ts  - For System T e s t  Complex (STC) 

se tup ,  maintenance and t roubleshoot ing ,  l i m i t e d  mobile test  equipment is 

required.  

4-44 
REPORT F694 0 VOLUME 11 0 PART D 0 31 AUGUST 1967 

MCDONNELL ASTRONAUTICS 



STRIP CHART RECORDER GROUP 

FUNCTIONAL BLOCK DIAGRAM 
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o Phys ica l  C h a r a c t e r i s t i c s  - The test equipment is  mounted wi th  power 

c o n t r o l  and p r o t e c t i o n  i n  a caster equipped cart. 

permit  mob i l i t y  t o  any l o c a t i o n  on t h e  STC. 

S ize  is  l i m i t e d  t o  

o Opera t iona l  Descr ip t ion  - The test equipment i n s t a l l e d  i n  t h e  cart  is 

i temized below: 

a. Dual Beam Osci l loscope wi th  delayed sweep, d i f f e r e n t i a l  and h igh  

ga in  plug- ins, and camera. 

b. D i g i t a l  vo l tmeter  wi th  dc, ac and r e s i s t a n c e  c a p a b i l i t y .  

c. 

d. Pulse  genera tor .  

Voltage c a l i b r a t o r  wi th  dc and ac of v a r i a b l e  frequency. 

f .  Voice Communication System 

o Design Requirements and Cons t ra in ts  - A communication system i s  requi red  

among a l l  elements of t h e  STC; t h e  STC and Launch Control  Center ,  launch 

pad, P lane tary  Operators Control  Center,  and any remote support  areas. 

Pub l i c  address  access and commercial telephone i n t e r f a c e  equipment is  

a l s o  required.  

o Phys i ca l  C h a r a c t e r i s t i c s  - The Voice Communication System c o n s i s t s  of 

t h e  Voice Communication System Control  Rack and ind iv idua l  remote panels  

l oca t ed  i n  t h e  STC Consoles and opera tor  l o c a t i o n s  as requi red .  

o Operat ional  Descr ip t ion  - Each Remote Intercom Panel  services two head- 

sets. 

2 commercial telephone l i n e s ,  and a P.A. access l i n e .  The Control Rack 

conta ins  a pa tch  panel  f o r  connecting t h e  remotes t o  t h e  var ious  i n t e r-  

com networks. A t o t a l  of 6 intercom n e t s  are provided so  t h a t  s p e c i a l  

purpose n e t s  may be  patched as required.  A l l  t h e  remotes are wired 

d i r e c t l y  t o  t h e  c o n t r o l  rack  t o  provide a c e n t r a l i z e d  i n t e r f a c e  wi th  

o t h e r  communications equipment. 

i n  case of malfunction. 

I n t e r f a c e  - The remote panels  i n t e r f a c e  phys i ca l ly  wi th  t h e i r  rack 

loca t ion .  The c o n t r o l  rack i n t e r f a c e s  w i th  f a c i l i t y  intercom, f a c i l i t y  

P.A. system, and commercial telephone system. Voice communication w i t h  

o t h e r  Space Vehicle con t r ac to r s  is  v ia  t h e  f a c i l i t y  intercom network. 

Avai lab le  a t  each panel  are 3 complex/remote l o c a t i o n  networks, 

Network and hardware redundancy are used 

o 

g. Complex Cabling 

o Design Requirements and Cons t ra in ts  - Cables are requi red  t o  in te rconnect  

t h e  Capsule Bus OSE, connect OSE t o  o the r  i n t e r f a c i n g  systems and connect 

OSE t o  t h e  Capsule Bus f o r  systems t e s t i n g  a t  t h e  f ac to ry  and KSC. 
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o Opera t iona l  Descr ip t ion  - Each STC inc ludes  i t s  own set of cab le s  which 

are t r anspor t ed  and i n s t a l l e d  a t  Ksc p r i o r  t o  t h e  arr ival  of t h e  STC. 

Subflooring,  cab le  t r a y s ,  etc., are configured t o  provide easy access 

f o r  i n s t a l l a t i o n  and removal of cab le s  w i t h i n  t h e  STC. Power d i s t r i b u-  

t i o n  cab le s  and a s soc i a t ed  j u n c t i o n  boxes are provided a t  each OSE s i te .  

A t  KSC, a d d i t i o n a l  cabl ing  is suppl ied  f o r  use  on t h e  pad, a t  t h e  ESF, 

and a t  PV i n t e g r a t i o n .  

STC and LCC are used f o r  t ransmission of d a t a  r e l a t e d  t o  Capsule Bus 

and STC s t a t u s .  U s e  of A2A wideband d a t a  cab le s  between the  STC and pad 

f o r  Capsule Bus Hazard A l a r m  and monitor,  are s u b j e c t  f o r  n e g o t i a t i o n  

during t h e  Hardware Acquis i t ion  Phase. 

Standard 1 9  gage l ea sed  phone l i n e s  between t h e  

Since t h e  STC cabl ing  is  moved p e r i o d i c a l l y ,  p a r t i c u l a r  a t t e n t i o n  

has  been given t o  t h e  cabl ing  approach t o  prevent  i n c o r r e c t  connector 

mating, c o n t r o l  grounding pa ths ,  i n s u r e  s i n g l e  po in t  s h i e l d  grounds, and 

s i z e  conductors app ropr i a t e ly  f o r  a l l  STC conf igura t ions .  S u f f i c i e n t  

s p a r e  conductors are included f o r  a 10% growth. Computerized techniques 

are used f o r  c o n t r o l  of cab le  conf igura t ion  and changes. 

cab l ing  ring-out equipment is  used t o  i n s u r e  r ap id ,  accu ra t e  checkout 

p r i o r  t o  STC connection on a l l  l oca t ions .  

Automatic 

h. Pyrotechnic T e s t  K i t  

o Design Requirements and Cons t ra in ts  - The Pyrotechnic T e s t  K i t  i s  used 

during i n s t a l l a t i o n  of e l ec t roexp los ive  devices  (EED's) t o  measure pyro 

f i r i n g  c i r c u i t s ,  inc luding  t h e  EED br idge  w i r e  r e s i s t ance .  The r e s i s t a n c e  

measurements are performed aga in  a f t e r  te rmina l  s t e r i l i z a t i o n  t o  v e r i f y  

t h a t  no degradat ion has taken place.  

o Opera t iona l  Descr ip t ion  - Pyro f i r i n g  c i r c u i t s  are t e s t e d  not  only f o r  

con t inu i ty ,  b u t  a b i l i t y  t o  d e l i v e r  t h e  necessary 100% f i r e  cu r r en t  i n t o  

s imulated EED load  impedance i n  t h e  test k i t .  

ments from dc i n t o  t h e  RF region are made both the  f i r i n g  and EED c i r c u i t s  

t o  i n s u r e  s a f e t y .  

S t r ay  vo l t age  measure- 

The Pyrotechnic T e s t  K i t  i s  a po r t ab l e  u n i t  conta in ing  a r e s i s t a n c e  

b r idge ,  low vo l t age  b a t t e r y  power supply, s imulated loads ,  wide frequency 

range vol tmeter ,  and a con t ro l  panel  on which are mounted t h e  necessary 

switches and d i sp l ays  and cable  adapters .  
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i. Capsule Bus Junct ion  Box 

o Design Requirements and Cons t r a in t s  - The Capsule Bus Junct ion  Box is  

r equ i r ed  t o  provide Capsule Bus s i g n a l  d i s t r i b u t i o n  and OSE cab le  

connections during systems t e s t i n g  a t  t h e  f a c t o r y  and KSC. 

Opera t iona l  Descr ip t ion  - The Capsule Bus j u n c t i o n  box w i l l  be  provided 

a t  each test area t o  d i s t r i b u t e  analog,  d i g i t a l  and b i l e v e l  Capsule 

s i g n a l s .  

requi red  t o  i n s u r e  adequate t ransmission of low l e v e l  s i g n a l s  over 

o 

Signa l  condi t ion ing  equipment w i l l  be  provided a t  t h e  J / B  as 

extended cable  lengths .  

LAUNCH COMPLEX EQUIPMENT (LCE) - The LCE is  requi red  t o  expedi t ious ly  test t h e  4.4 

CB on-pad and determine i t s  readiness  t o  m e e t  t h e  mission requirements. By us ing  t h e  

CB TCM l i n k ,  supplemented by a l i m i t e d  number of ha rd l ines  from t h e  S /C  flyaway 

umbi l ica l ,  and using t h e  corresponding po r t ion  of t h e  System T e s t  Complex and Mission 

Dependent Equipment f o r  t h e  LCE func t ion ,  t h i s  requirement is m e t .  The CB 

i n- f l i g h t  checkout mode and t h e  STC/LCE wi th  i t s  b u i l t  i n  test c a p a b i l i t y ,  w i l l  

r ap id ly  i d e n t i f y  t h e  n a t u r e  of a malfunct ion wi th in  t h e  CB o r  OSE. 

e s s e n t i a l  i n  dec id ing  t o  commit t o  launch o r  recyc le .  

This  a b i l i t y  i s  

LCE must a l s o  'perform r e l i a b l y  during t h e  c r i t i ca l  launch operat ion.  The LCE, 

inc luding  those  STC elements used i n  LCE, must demonstrate t h e  r e l i a b i l i t y  goa ls  t o  

be assigned. 

requirements.  

t h e  LCE w i l l  be  made during Phase C. This  is being implemented by f a i l u r e  mode and 

r e l i a b i l i t y  a n a l y s i s ,  and a computerized math model of t h e  CB and LCE equipment and 

pad opera t ions .  This  i n v e s t i g a t i o n  w i l l  provide these  r e s u l t s :  

The MDE used w i l l  have r e l i a b i l i t y  equal  t o  o r  g r e a t e r  than  t h e  LCE 

The choice of c r i t i ca l  CB and OSE launch parameters t o  be  monitored by 

a. Determination of t h e  c r i t i ca l  CB parameters t o  be  brought out  t h e  S/C 

flyaway umbil ical .  

Cr i t ica l  LCE parameters t o  be  monitored by t h e  STC, and by hard l ined  analog 

t o  t h e  LCC and Hazard and A l a r m  Monitor System. 

The requi red  MTBF f o r  LCE ( inc luding  those  STC elements used f o r  t h e  LCE 

func t ion) .  

I d e n t i f i c a t i o n  of those  LCE elements r equ i r ing  redundancy t o  m e e t  t h e  

Voyager p r o b a b i l i t y  of success  of on-time launch. 

b.  

c. 

d. 

4.4.1 Requirements & Const ra in ts  - The LCE has  both CB Contractor  and customer 

der ived  requirements and c o n s t r a i n t s  which must be  m e t .  

on LCE design are l i s t e d  on t h e  fol lowing page: 

Those having major impact 
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Complete t e s t i n g  of t h e  F l i g h t  Capsule, as provided by t h e  Capsule umbi l i ca l  

and RF test c i r c u i t r y .  

Provide f o r  l i m i t e d  Capsule t e s t i n g  during RF s i l e n c e .  

Manually c o n t r o l  t h e  Capsule by t h e  provided test c i r c u i t r y .  

I s o l a t e  t r o u b l e  t o  t h e  Capsule. 

Automatically c o n t r o l  t h e  Capsule i n  t h e  terminal po r t ion  of a s imulated 

o r  real countdown wi th  manual hold and reset c a p a b i l i t y .  

Supply e x t e r n a l  Capsule power and power switching cont ro l .  

Provide t h e  necessary power d i s t r i b u t i o n  t o  minimize t h e  main power d i s t r i b u-  

t i o n  requirements i n  t h e  Launch Control  Center. 

Provide f o r  con t ro l l ed  t r a n s f e r  t o  emergency main power sources.  

Provide f o r  main power i s o l a t i o n  from launch f a c i l i t y  loads.  

Provide f o r  condi t ion ing  t h e  Capsule t o  a s a f e  mode i n  event  of f a i l u r e  and 

subsequent resumption of f a c i l i t y  power. 

Provide continuous i n d i c a t i o n s ,  c o n t r o l s  and alarms, wi th  o r  without  Capsule 

o r  f a c i l i t y  power on, of a l l  Capsule o r  ground func t ions  r e l a t e d  t o  Capsule 

o r  personnel  s a f e t y ;  e.g. , pyrotechnic "arm-safe," p rope l l an t  and gas 

p re s su res ,  o r  b a t t e r y  vol tage .  

Provide s u f f i c i e n t  safeguards t o  prevent  t h e  occurrence of damage a t t r i b u t e d  

t o  improper sequencing because of tes t  s t e p s  and LCE element f a i l u r e .  

Provide a communication system between t h e  Launch Control Center ,  launch pad, 

and t h e  P lane tary  Operations Control  Center. 

S e l f- t e s t  without  i n t e r r u p t i o n s  of Capsule opera t ion .  

Provide an ope ra t iona l  r e l i a b i l i t y  cons i s t en t  w i th  t h e  launch p r o b a b i l i t y  of 

success .  

Decoding, recording,  t i m e  tagging,  and d isp lay ing ,  independent of o t h e r  d a t a  

c o n t r o l  c e n t e r s  o f :  

a. A l l  Capsule i npu t s  suppl ied  by t h e  LCE. 

b. 

c. 

d. 

A l l  Capsule d a t a  a v a i l a b l e  a t  t h e  launch complex. 

A l l  f a c i l i t y  suppl ied  power t o  t h e  LCE. 

A l l  s i g n a l s  suppl ied  t o  o r  from a l l  o the r  in te rconnect ing  equipment; 

e.g. ,  i n t e r f a c i n g  func t ions  t o  o r  from t h e  launch v e h i c l e  syst.em. 

e. A l l  e x t e r n a l  ins t rumenta t ion  da t a ;  e.g. ,  o u t s i d e  temperatures o r  a i r  

condi t ion ing  i n l e t  func t ions  t o  o r  from t h e  launch v e h i c l e  system. 

f .  Synchronizing s i g n a l s  from f a c i l i t y  and ETR t i m e  codes. 

The LCE which s a t i s f i e s  t h e s e  c o n s t r a i n t s  is  descr ibed  i n  t h e  following paragraphs. 
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4.4.2 Equipment I d e n t i f i c a t i o n  L i s t  - LCE can b e  d iv ided  i n t o  t h e s e  f u n c t i o n a l  groups: 

Ground Power and D i s t r i b u t i o n  - A two-bay cab ine t  providing automatic  switching 

t o  f a c i l i t y  back-up power, emergency back-up power i n  case of t o t a l  f a c i l i t y  

power f a i l u r e  and dc  power t o  t h e  CB. This  equipment is loca t ed  i n  t h e  base 

of t h e  Mobile Launcher (ML) and a t  t h e  ESF. 

Remote S t imula t ion  Equipment - T e s t  s i g n a l  genera t ion  equipment used t o  

provide s t i m u l i  requi red  f o r  on-pad t e s t i n g  of t h e  CB. 

UHF Receiving System - Provides UHF rece iv ing  equipment on t h e  ML which 

demodulates t he  CB UHF transmitter ou tpu t ,  brought out  t h e  S/C flyaway 

umbi l ica l  from p a r a s i t i c  antennas i n  t h e  c a n i s t e r ,  f o r  t ransmission of t h e  

CB TM d a t a  t o  t h e  STC over t h e  Ground Data Transmission System (GDTS). 

Spectrum and power-output measurements are made from equipment i n  t h e  

Mobile Launcher base. 

o 

o 

o 

o LCC Equipment - A console  i n  t h e  LCC which has d i r e c t  h a r d l i n e  access  t o  t h e  

CB through t h e  S/C umbi l ica l  f o r  cr i t ica l  monitoring and commands. 

system s t a t u s ,  sent from t h e  STC is  a l s o  d isp layed  here .  

CB sub- 

o LCE Required STC Equipment - That STC equipment, inc luding  t h e  CDS and MDE, 

requi red  f o r  on-pad t e s t i n g  of t h e  CB. T e s t  po in t  access is  by t h e  TCM and 

t h e  Spacecraf t  flyaway umbi l ica l .  

Opera t iona l  Descr ip t ion  - The LCE, shown i n  t h e  b lock  diagram of Figure 4.4.3 

4.4-1 provides t h e s e  ope ra t iona l  f e a t u r e s :  

a. U s e  of t h e  STC and MDE ( r e f e r  t o  paragraph 4 . 3 . 2  f o r  desc r ip t ion )  f o r  auto- 

matic monitor and eva lua t ion  of d a t a  from t h e  CB. 

b. Transmission of CB h a r d l i n e  d a t a  and commands between the  CB and STC, us ing  

the  GDTS. 

c. Critical d a t a  and commands t o  t h e  LCC on ind iv idua l  ha rd l ines  f o r  monitoring 

and c o n t r o l l i n g  c r i t i ca l  parameters,  such as power and temperatures.  

U s e  of t h e  STC i n  t h e  LCE func t ion  provides a cont inua t ion  of t h e  test d a t a  log 

s t a r t e d  i n  e a r l y  STC t e s t i n g ,  and provides test con t inu i ty  i n  equipment, procedures,  

and opera t ing  personnel.  

4.4.4 R e l i a b i l i t y  and Safe ty  - Besides those r e l i a b i l i t y  and s a f e t y  f e a t u r e s  provided 

by t h e  STC, a d d i t i o n a l  requirements imposed by pad opera t ions  are m e t  by t h e  LCE. 

These are: 

o Hazard and A l a r m  - Detect ion of CB p rope l l an t  leakage and automatic  power 

shut-down. 
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Back-up F a c i l i t y  Power - To prevent  test  i n t e r r u p t i o n  i n  case of primary 

power f a i l u r e .  

Emergency Back-up Power - For monitoring cr i t ical  CB parameters,  and 

sequencing t h e  CB subsystems t o  a s a f e  cond i t i on  i n  event of  t o t a l  f a c i l i t y  

power. 

The va r ious  elements of LCE w i l l  be  examined a n a l y t i c a l l y  e a r l y  i n  t h e  des ign  phase; 

and t h e  LCE w i l l  be  t e s t e d  on a system b a s i s  t o  demonstrate t h e  assigned Ps as 

previous ly  d iscussed  i n  Sec t ion  4.4. 
4.4.5 

Pad 39 complex and f a c i l i t i e s .  

4.4.6 

a t  Pad 39A, and t h e  LCC, w i th  the va r ious  equipments i d e n t i f i e d .  

4.4.7 Development S t a t u s  - No major problems are a n t i c i p a t e d  i n  LCE development. 

Software developed f o r  u se  i n  t h e  STC CDS computer w i l l  be  e s s e n t i a l l y  i d e n t i c a l  

t o  t h a t  requi red  f o r  LCE use ,  and f a c i l i t i e s  w i l l  be  demonstrated wi th  t h e  CB proof 

test  model. 

4.4.8 
are f u n c t i o n a l l y  descr ibed  i n  d e t a i l  below, along wi th  pre l iminary  des igns .  

4 .4 .8 .1  Ground Power and D i s t r i b u t i o n  

I n t e r f a c e  D e f i n i t i o n  - Figure  4.4-1 shows t h e  I n t e r f a c e  of LCE wi th  t h e  

Phys ica l  C h a r a c t e r i s t i c s  - Figure  4.4-2 shows t h e  proposed layout  of t h e  LCE, 

Equipment Funct ional  Descr ip t ion  - The LCE equipment groups i d e n t i f i e d  above 

O I d e n t i f i c a t i o n  and Usage - The Ground Power and D i s t r i b u t i o n  equipment i s  a 

two-bay cabinet-mounted assembly providing dc  ground power t o  t h e  Capsule 

Bus dur ing  systems t e s t i n g  a t  t h e  c o n t r a c t o r ' s  f a c t o r y  and a t  t h e  CB test 

f a c i l i t i e s  inc luding  SCF, ESF and Pad 39. 
power c o n t r o l  and d i s t r i b u t i o n  f o r  OSE loca t ed  a t  t h e  above sites. 

Design Requirements - dc  Power - The Ground Power and D i s t r i b u t i o n  equipment 

i s  designed t o  inc lude  t h e  fol lowing provis ions :  

a. 

b. 

It a l s o  provides ac f a c i l i t y  

0 

Provide 27.5 2 1  VDC t o  t h e  Capsule Bus dur ing  ground test opera t ions .  

Provide power t o  charge f l i g h t  b a t t e r i e s  and provide simulated loads  t o  

t h e  batteries f o r  charge/discharge cyc l ing .  

Simulate f l i g h t  b a t t e r y  power inc luding  con t ro l l ed  vo l t age  d ischarge  

based on watt-hour consumption. 

Operate under c o n t r o l  of t h e  Hazard A l a r m  and Monitor System and t h e  STC. 

c. 

d. 
0 Design Requirements - ac Power - The ground power and d i s t r i b u t i o n  equipment 

is  designed wi th  t h e  fol lowing ac power provis ions :  

a. D i s t r i b u t e  f a c i l i t y  ac power t o  OSE used a t  a l l  suppor t - a reas  inc luding  

remote test  areas a t  t h e  CB c o n t r a c t o r ' s  p l a n t  and a t  KSC pad, ESF and 

SCF sites. 
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b. Provide instrument  ( regula ted)  ac power t o  OSE as requi red .  

c. Monitor and provide alarms f o r  out- of- tolerance condi t ions  of main 

KSC f a c i l i t y  power and launch complex power wi th  automatic  t r a n s f e r  

t o  emergency main power. 

I s o l a t e  t h e  CB OSE loads a t  t h e  pad from o t h e r  f a c i l i t y  loads  by use  

of s e p a r a t e  c i r c u i t  b reakers  and d i s t r i b u t i o n  t ransformers  as re- 

quired.  

Operate i n  conjunct ion wi th  t h e  Hazard A l a r m  and Monitor System a t  

t h e  ESF and launch pad during emergency condi t ions  r equ i r ing  power 

shutdown. 

d. 

e. 

f .  Operate under STC con t ro l .  

Phys i ca l  C h a r a c t e r i s t i c s  - The ground power and d i s t r i b u t i o n  equipment i s  

mounted i n  s tandard  e l e c t r o n i c  equipment cab ine t s  and inc ludes  c o n t r o l  

and d i sp l ay  panels ,  programmable de  power supp l i e s ,  switching u n i t s ,  

l i m i t  sens ing  e l e c t r o n i c s ,  s t r i p  c h a r t  recorder  and ac r e g u l a t o r  as 

i l l u s t r a t e d  i n  Figure 4 . 4 - 3 .  

up supply, are of off- the- shelf designs incorpora t ing  l i n e  and load regu- 

l a t i o n ,  automatic  overload p r o t e c t i o n  f o r  both t h e  power supply and t h e  

Capsule. Remote sens ing  of supply vol tage  a t  t h e  Capsule t o  compensate 

f o r  l i n e  l o s s e s  i ncu r red  from extens ive  cab le  lengths  i s  a l s o  included. 

Operat ional  Descr ip t ion  - The equipment supp l i e s  dc power t o  t h e  Capsule 

Bus and ac power t o  a s s o c i a t e  OSE during system level tests a t  t h e  f ac to ry  

and a t  KSC remote support  areas wi th  remote c o n t r o l  by t h e  STC, which 

monitors and c o n t r o l s  t he  outputs .  The equipment may a l s o  be  con t ro l l ed  

by t h e  CB Launch Monitor Console i n  t h e  LCC v i a  ha rd l ines .  In add i t i on ,  

t h e  Hazard A l a r m  and Monitor System automat ica l ly  supp l i e s  emergency shut-  

down con t ro l .  Manual c o n t r o l s  and monitors are b u i l t  i n  f o r  l o c a l  oper- 

a t ion .  

o 

The dc  power s u p p l i e s ,  inc luding  t h e  back- 

o 

Pyro bus vo l t age  and arming c i r c u i t  monitoring i s  provided by t h e  

Hazard A l a r m  and Monitor System, descr ibed i n  paragraph 4.4.8.5. 

o Performance C h a r a c t e r i s t i c s  - The equipment inc ludes  e l e c t r o n i c  l i m i t  

sens ing  t h a t  au tomat ica l ly  monitors both ac and dc  power, d e t e c t s  devia- 

t i o n s  beyond p r e s e t  l i m i t s ,  and genera tes  both audib le  and v i s u a l  alarms 

l o c a l l y  and t r a n s m i t s  alarm s i g n a l s  t o  t h e  STC. Fau l t  i s o l a t i o n  t o  t h e  
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GROUND POWER AND DISTRIBUTION EQUIPMENT 

Figure 4.4-3 
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r ep l aceab le  u n i t  level is  achieved by i d e n t i f i c a t i o n  of t h e  malfunction-  

i n g  power supply o r  f a c i l i t y  source found t o  be i n  e r r o r .  The e l e c t r o n i c  

l i m i t  sens ing  c i r c u i t r y  has  a s e l f  test  mode t h a t  cyc les  test s i g n a l s  in-  

t o  t h e  l i m i t  d e t e c t o r s  t o  v e r i f y  d e t e c t o r  performance. 

The dc  power s u p p l i e s  may be  programmed by t h e  CDS f o r  CB perform- 

ance margin t e s t i n g  . 
o I n t e r f a c e  Def in i t i on  - The i n t e r f a c e s  of t h e  Ground Power and Distr ibu-  

t i o n  u n i t  as shown i n  t h e  f u n c t i o n a l  block diagram of Figure 4.4-4 and 

4.4-5 inc lude  : 

a. F a c i l i t y  Power - KSC Power, Pad Power and Emergency Power 

b. 

c. 

d. 

e. Launch Monitor Console - backup con t ro l  and monitor func t ions  

f .  Intercom - ,voice communication wi th  c o n t r o l l i n g  elements (STC, LCC). 

Ground Data Transmission System - STC c o n t r o l s  and d a t a  func t ions  

Hazard A l a r m  and Monitor System - emergency shutdown 

Capsule Bus - ground dc power 

4.4.8.2 Remote S t imula t ion  Equipment 

o Equipment I d e n t i f i c a t i o n  and Usage - This equipment provides a remotely 

c o n t r o l l a b l e  source  of test s t i m u l i  t o  t he  CB as requi red  t o  support  

systems t e s t i n g  a t  t h e  f a c t o r y  and KSC. 

o Design Requirements and Cons t ra in ts  - The Remote St imulat ion Equipment i s  

requi red  t o  apply t h e  fol lowing test s t i m u l i  t o  t he  CB: A.C. Voltages,  

D.C. Voltages,  and r e s i s t i v e  loads.  The equipment opera tes  under remote 

d i g i t a l  c o n t r o l  from t h e  CDS computer v ia  t h e  Ground Data Transmission 

System (GDTS). 

o Phys ica l  C h a r a c t e r i s t i c s  - The Remote S t imula t ion  Equipment is mounted 

i n  a s i n g l e  s tandard  cabine t  as shown i n  F igure  4.4-6. It is  loca t ed  

n e a r  t h e  CB i n  a l l  system test conf igura t ions .  

o Operat ional  Descr ip t ion  - The Remote S t imula t ion  Equipment rece ives  com- 

mands wi th  i d e n t i f i c a t i o n  l i n e s  from t h e  GDTS. The equipment a c t u a t e s  

a r e l a y  f o r  each command received which c o n t r o l s  t h e  a p p l i c a t i o n  of t h e  

s e l e c t e d  s t imulus  t o  a CB test poin t .  A func t iona l  block diagram of t h e  

equipment is shown i n  Figure 4.4-6. 
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FUNCTIONAL BLOCK DIAGRAM 
DC POWER CONTROL 

TO VOYAGER Spacecraft 
Flyaway Umbilical 

Emergency Power Shut-Down 

T o  and from STC 

Figure 4.4-4 
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FUNCTIONAL BLOCK DIAGRAM 
AC CENTRAL POWER CONTROL 

Fac i Ii ty 
Main 

Power 
Cape 

Power 
Pad Power 

To Launch Monitor 
Console in Launch 
Control Center 

Regulated Instrument Power 

OSE Di s tr i bu t ion 
208V 335 60- 120V 1+60.r, 

Control Signals from Launch Monitor 
Console i n  Launch Control Center 

Hazard Alarm System Control 

STC Control and Monitor 

Figure 4.4-5 
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REMOTE STIMULATION UNIT 

From GDTS 

REMOTE STIMULATION UNIT FUNCTIONAL BLOCK DIAGRAM 

, Self Tes t  r 
Input 
Store 

Transfer *LI 
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I d  I 

~i Conditioner 

- 
Stimuli Generation 

T o  Ground Data 
Transmission System 

(GDTS) 

Figure 4.4-6 
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T e s t  commands from t h e  GDTS are rece ived  as d i s c r e t e  levels i n  8 b i t  groups 

w i t h  an i d e n t i f i c a t i o n  l i n e  f o r  each group. 

s t o r a g e  by a t r a n s f e r  p u l s e  from t h e  GDTS. 

c o i l  wi th  each b i t  pos i t i on .  The r e l a y  con tac t s  connect t h e  d e s i r e d  v e h i c l e  test 

po in t  t o  t h e  c o r r e c t  s t i m u l i  generated i n  t h e  condi t ioner ,  o r  a resistive load via  

a pa tch  panel. 

supply outputs  t o  t h e  d e s i r e d  s t i m u l i  levels. 

The groups are s h i f t e d  i n t o  t h e  inpu t  

Outputs from t h e  s t o r a g e  d r i v e  a r e l a y  

The condi t ioner  conta ins  vo l t age  d i v i d e r s  which convert  t h e  power 

S t imu l i  v e r i f i c a t i o n  during normal opera t ion  i s  provided by monitoring a sep- 

arate contac t  set on each r e l a y  via t h e  GDTS. 

u l i  conf igura t ion  i s  known a t  a l l  t i m e s .  

I n  t h i s  manner, t h e  test  po in t  s t i m -  

Sel f  test  is performed by sof tware  i n  t h e  CDS computer. A s e l f  test command 

s e n t  from the  CDS v i a  t h e  GDTS removes t h e  s i g n a l s  from t h e  s t i m u l i  r e l ays .  The 

CDS then checks a l l  r e l a y s  f o r  pu l l- in  and drop-out by i s s u i n g  s e l f  test commands 

and v e r i f y i n g  r e l a y  a c t u a t i o n  via t h e  r e l a y  monitor con tac t s .  The s t i m u l i  power 

supply vo l t ages  are monitored cons t an t ly  by t h e  CDS via  t h e  GDTS t o  v e r i f y  t h e i r  

c o r r e c t  opera t ion .  

I n t e r f a c e s  - The Remote S t imula t ion  Equipment i n t e r f a c e s  wi th  t h e  GDTS f o r  

i t s  inpu t s  a t  a l l  l oca t ions .  The output  i n t e r f a c e s  f o r  f a c t o r y  and ESF tests are 

t h e  SC CB umbi l ica l  and t h e  OSE umbil ical .  For pad tests, only t h e  SC umbi l ica l  

w i l l  be 

4 . 4 . 8 . 3  

0 

0 

0 

P 

used f o r  s t i m u l i  t r a n s f e r  t o  t h e  CB. 

Launch Control  Center Equipment 

I d e n t i f i c a t i o n  and Usage - This equipment c o n s i s t s  of a Launch Monitor Con- 

s o l e  t h a t  is  used by t h e  Capsule Bus Launch Coordinator during t h e  count- 

down t o  monitor t h e  condi t ion  of t h e  Capsule Bus and test progress .  

Phys i ca l  C h a r a c t e r i s t i c s  - A two-bay sitdown type console  w i th  s l a n t e d  con- 

t r o l  and d i sp l ay  panels ,  intercom panel ,  w r i t i n g  su r f ace ,  and under s h e l f  

pane ls  conta in ing  a vo ice  frequency tone  receiver, dc power supply,  ac 

power con t ro l ,  blowers and s t o r a g e  drawers as i l l u s t r a t e d  i n  Figure 4.4-7. 

Operat ional  Descr ip t ion  - The Launch Monitor Console is  used during t h e  

launch countdown t o  d i sp l ay  Capsule Bus subsystems s t a t u s  information re- 

qui red  t o  determine Capsule Bus launch readiness .  The opera tor  a l s o  moni- 

t o r s  d i sp l ays  t h a t  i n d i c a t e  t h e  s t a t u s  of t h e  CB STC, i d e n t i f y i n g  t h e  pro- 

gram, sequence o r  subrout ine  i n  progress .  Hazard A l a r m  and Monitor System 
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LAUNCH MONITOR CONSOLE 

Discrete Displays & Critical Function 
of STC &CB Status Display & Control Panel 

Figure 4.4-7 
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func t ions  are monitored and con t ro l l ed  as requi red  when an emergency condi- 

t i o n  is  encountered. Sec t ion  4.4.8.6 desc r ibes  t h e  Hazard A l a r m  and Monitor 

System i n  d e t a i l .  

Performance C h a r a c t e r i s t i c s  - The b a s i c  func t ion  which is performed by t h e  

console  is t h a t  of Capsule Bus and STC d a t a  d i sp l ay  on a real t i m e  continu-  

ous b a s i s .  

mi t t ed  via s tandard  3 KHz phone l i n e s .  

console  convert  t h e  tone signals t o  b i l e v e l s  t h a t  d r i v e  d i s c r e t e  d i sp l ays .  

Se lec ted  s t a t u s  s i g n a l s  are s e n t  t o  t h e  Cent ra l  Launch Coordinators Console. 

The console  a l s o  receives cr i t ical  parameter d a t a  i n  b i l e v e l  form via hard- 

l i n e s  from t h e  pad, which are f e d  t o  d i sp l ay  d r i v e r s  t o  activate panel  in-  

d i c a t o r s .  Console pane l  c o n t r o l s  send b i l e v e l  commands t o  t h e  pad over 

h a r d l i n e s  t h a t  i n t e r f a c e  wi th  t h e  Hazard Alarm and Monitor System. 

d i sp l ays  inc lude  pyrotechnic arm r e l a y  p o s i t i o n ,  p rope l l an t  tank p re s su res  

and c r i t i c a l  CB temperatures.  Typical  c o n t r o l s  inc lude  pyrotechnic arm re- 

l a y  reset, p r o p e l l a n t  dump c o n t r o l  and dc ground power cont ro l .  

o 

The d a t a  i s  rece ived  from t h e  STC as voice  frequency tones trans- 

Frequency s e n s i t i v e  r e l a y s  i n  t h e  

Typical  

o I n t e r f a c e  Def in i t i on  - The i n t e r f a c e s  of t h e  Launch Monitor Console are as 

fol lows : 

1. 

2 .  

3 .  

4. LCC Communications - I n t e r c o m  

5. 

STC T e s t  Conductor's Console - Capsule and test  s t a t u s  func t ions  

LCE Hazard A l a r m  and Monitor System - Hazard alarm monitor and con t ro l s  

LCC F a c i l i t y  Power - F a c i l i t y  ac power 

LCC Cent ra l  Launch Coordinator 's  Console - Selec ted  Capsule S t a t u s  

func t ions .  

Figure 4.4-8 is a func t iona l  block diagram of t h e  Launch Monitor Console. 

4.4.8.4 LCE Required STC Equipment - The System T e s t  Complex (STC) equipment is  

used i n  conjunct ion wi th  t h e  LCE t o  perform e s s e n t i a l l y  t he  same funct ion  as it  does 

during CB system t e s t i n g  as described i n  paragraph 4.3. 

The STC i n t e r f a c e s  wi th  t h e  LCE i n  t h e  fol lowing manner: 

o 

o By s tandard  phone lines (audio tones)  t o  t h e  LCC. 

V i a  t h e  Ground Data Transmission System t o  t h e  ESF and Launch Pad. 

A more d e t a i l e d  d e s c r i p t i o n  of t h e  LCE/STC i n t e r f a c e s  is shown i n  t h e  previous 

Figure 4.4-1. 
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LAUNCH MONITOR CONSOLE BLOCK DIAGRAM 

Hardline 
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and Analogs 
from LCE 

at Pad 

Hard line 
Commands to  

LCE. at Pad 

To Master Launch Coordinator Console 

Phone Lines ~-1 Frequency I F L C C  Supply Faci l i ty AC Power 
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Figure 4.4-8 
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4.4.8.5 

4.4.8.5.1 

hazardous systems and opera t ions .  It d e t e c t s  and warns by aud ib l e  alarm and v i s u a l  

d i sp l ays  of impending dangerous o r  unsafe condi t ions  a t  t h e  launch pad, Explosive 

Safe  F a c i l i t y  (ESF) and Capsule Bus (CB) s t o r a g e  area. The system provides both 

automatic  and l o c a l  c o n t r o l s  t o  r e t u r n  t h e  system o r  area t o  a s a f e  condi t ion  i n  

a d d i t i o n  t o  au tomat ica l ly  t u rn ing  of f  Capsule Bus power and non-explosive proof 

f a c i l i t y  power. 

Hazard A l a r m  and Monitor System 

I d e n t i f i c a t i o n  and Usage - This  system i s  used t o  monitor p o t e n t i a l l y  

A p i c t o r i a l  and block diagram is  shown i n  Figure 4.4-9. 
Design Requirements and Cons t r a in t s  - The system 5s designed t o  meet t h e  f o l-  

lowing 

0 

0 

0 

0 

0 

0 

0 

0 

0 

requirements : 

Monitor p r o p e l l a n t  and p re s su ran t  tank pressures  and temperatures ,  pyro- 

techn ic  arming c i r c u i t s ,  and pyrotechnic bus vo l t age  

Monitor p rope l l an t  concent ra t ion  a t  t h e  ESF p rope l l an t  loading area and 

i n s i d e  t h e  c a n i s t e r  fol lowing encapsula t ion  

Display t h e  preceding parameters l o c a l l y  a t  t h e  launch pad, ESF and s t o r a g e  

area and providing a l o c a l  audib le  alarm when a hazardous condi t ion  e x i s t s  

Provide CB pyro c i r c u i t  switching and s a f e t y  i n t e r l o c k s  requi red  f o r  pyro 

t e s t i n g  

Automatically shu t  o f f  CB power and non-explosion proof f a c i l i t y  power when 

a hazard e x i s t s  

Provide c o n t r o l s  t o  r e t u r n  systems t o  a s a f e  condi t ion  and accept ing commands 

from t h e  STC and LCC 

Driving d i sp l ays  i n  t he  STC and LCC 

Meet NEMA code requirements f o r  explosion proofing 

Provide back-up power t o  cont inue t h e  preceding func t ions  i n  t h e  event  of a 

f a c i l i t y  power f a i l u r e  

Phys ica l  C h a r a c t e r i s t i c s  - The system is  s e l f  contained and.automatic  i n  t h e  

de t ec t ion ,  alarm and sa fe ing  mode. 

and a s soc i a t ed  e l e c t r o n i c s  are contained i n  2 cabine ts .  Hazard alarm and monitor 

cab ine t s  are loca t ed  a t  t h e  ESF, CB s t o r a g e  area and launch pad. 

t e c t o r s  are provided a t  t h e  ESF p rope l l an t  loading area t o  monitor p rope l l an t  con- 

c e n t r a t i o n  around loading equipment and t h e  CB during p rope l l an t  s e rv i c ing .  

system is  in t e r locked  wi th  power a t  each l o c a t i o n  t o  shut- off non-explosion proof 

f a c i l i t y  and CB power. 

Detec tors ,  d i sp l ays ,  alarms, back-up b a t t e r i e s  

Auxi l ia ry  de- 

The 

Hardl ines  in te rconnect  t h e  cab ine t s  at t h e  ESF and s to rage  
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HAZARD ALARM & MONITOR SYSTEM 
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\ 

area t o  the a p p l i c a b l e  consoles  i n  t h e  STC. 

n e c t  t h e  cab ine t  t o  Hazard A l a r m  and Monitor Panel  i n  t h e  LCC and t h e  GDTS connects . 

t h e  system t o  t h e  STC. 

wi th  GN 

A t  t h e  launch pad, h a r d l i n e s  intercon-  

A l l  electrical components are hermet ica l ly  s ea l ed  o r  padded 

t o  m e e t  NEMA code explosion proof requirements.  

Opera t iona l  Descr ip t ion  - The system provides power f o r  t h e  Terminal Propulsion 
2 

Subsystem (TPS) and Reaction Control  Subsystem (RCS) p r o p e l l a n t  and p re s su ran t  tank 

t ransducers ,  p r o p e l l a n t  d e t e c t o r s  and t h e  OSE con tac t s  of t h e  pyrotechnic arming and 

pyro bus a c t i v a t i n g  r e l ays .  S igna ls  from the  t ransducers ,  p r o p e l l a n t  d e t e c t o r s  and 

arming r e l a y s  are monitored along wi th  pyrotechnic bus vol tage ,  and p rope l l an t  tank 

temperatures.  These s i g n a l s  are automat ica l ly  compared t o  p re se l ec t ed  s a f e  l i m i t  

l e v e l s .  I f  one of t hese  l e v e l s  is  exceeded, f a c i l i t y  and CB power i s  turned o f f  

automatical ly .  

rack i s  l i g h t e d  t o  i n d i c a t e  t he  l o c a t i o n  and n a t u r e  of t h e  hazard. Pyrotechnic re- 

l a y s  are automat ica l ly  a c t i v a t e d  t o  t h e  s a f e  pos i t i on .  Emergency dumping of t h e  

propulsion systems is  i n i t i a t e d  manually. The cabine t  d i sp l ays  i n d i c a t e  p rope l l an t  

tank p re s su re ,  temperature and p rope l l an t  concent ra t ion  f o r  each p rope l l an t  de t ec to r .  

Ten d e t e c t o r s  are used a t  t h e  ESF p rope l l an t  loading area t o  monitor t h e  loading 

u n i t s ,  f l i g h t  subsystem tankage and connect ions,  and t h e  p rope l l an t  d i sposa l  system 

te rmina l  boxes. A t  t h e  launch pad, s to rage ,  and s t e r i l i z a t i o n  area, only the  de- 

t e c t o r  i n  t h e  Can i s t e r  p r e s s u r i z a t i o n  Unit is  monitored. I n  t h e  event  of a f a c i l i t y  

power f a i l u r e  t h e  system automat ica l ly  switches t o  i t s  back-up b a t t e r y  power supply. 

This supply conta ins  i t s  own b a t t e r y  charger  t o  maintain t h e  b a t t e r i e s  i n  a ready ' 

condit ion.  

Simultaneously t h e  aud ib l e  alarm is sounded and a d i sp l ay  on t h e  

I n t e r f a c e  Def in i t i ons  - The system i n t e r f a c e s ,  wi th  t h e  fol lowing,  as i l l u s -  

t r a t e d  i n  Figure 4 . 4 - 9 :  
o F a c i l i t y  power 

o Canister P r e s s u r i z a t i o n  Unit 

o 

o 

o LCC Hazard and A l a r m  Panel  

o 

o 

o Non-explosion proof f a c i l i t y  power 

o Capsule Bus ground power 

o 

o 

ESF and Pad P rope l l an t  Disposal  Systems 

STE Propulsion Console and Sequent ia l  Console 

Propulsion subsystem p res su re  and temperature t ransducers  

Pyrotechnic bus and arming r e l a y s  

PV Hazard and A l a r m  System 

Space Vehicle  Hazard and Alarm System 
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4.4.8.6 UHF Receiving System 

Equipment I d e n t i f i c a t i o n  - The UHF Receiving System c o n s i s t s  of dua l  UHF 

receivers and RF monitoring equipment t o  perform measurements on t h e  Capsule Bus 

UHF s i g n a l s .  The systems i s  ased a t  the CB c o n t r a c t o r ' s  f a c t o r y  and a t  KSC. 

Design Requirements and Cons t r a in t s  - The UHF Receiving System is requi red  to :  

a. Receive both  400 MHz Capsule Bus Radio Subsystem FSK modulated s i g n a l s .  

b. Demodulate t h e  FSK Subcar r ie r  and provide a serial Pulse  Code Modulated 

(PCM) b i t  stream t o  t h e  System T e s t  Complex (STC) te lemet ry  processing 

equipment via t h e  GDTS. 

Provide a means of measuring RF power and carrier frequency by remote 

c o n t r o l  from t h e  GDTS o r  by l o c a l  manual con t ro l .  

Provide spectrum a n a l y s i s  of t h e  Capsule Bus t ransmi t ted  UHF s i g n a l s .  

Provide remotely c o n t r o l l a b l e  power and switching f o r  t h e  UHF Receiving 

System. 

c. 

d. 

e. 

Phys ica l  C h a r a c t e r i s t i c s  - The UHF Receiving System is  housed i n  a s i n g l e  

s tandard cab ine t ,  as shown i n  F igure  4.4-10. 

Funct ional  Descr ip t ion  - The UHF Receiving System provides an  RF i n t e r f a c e  

wi th  the  Capsule Bus Radio Subsystem s i g n a l s .  

con t ro l l ed  l o c a l l y  (manual) 

See func t iona l  b lock  diagram Figure  4.4-10. 

RF monitoring and UHF rece iv ing  i s  

o r  by remote c o n t r o l  from t h e  Computer Data System. 

The RF s i g n a l s  are routed t o  an  RF d i s t r i b u t i o n  panel  where they  are coupled 

t o  power meters, a n  e l e c t r o n i c  counter ,  a spectrum analyzer ,  and t h e  UHF receivers. 

The receivers demodulate t h e  FSK s i g n a l  and provide two PCM inpu t s  t o  t h e  d i v e r s i t y  

combiner. 

stream which is  s e n t  t o  the STC f o r  decommutation via t h e  GDTS. 

The combiner output  is  a s i n g l e  serial pu l se  code modulated (PCM) b i t  

The GDTS i n t e r f a c e  c o n t r o l  u n i t  c o n t r o l s  t h e  p o s i t i o n  of t h e  t r a n s f e r  switches 

t o  connect e i t h e r  of t h e  UHF s i g n a l s  t o  t h e  input  of t h e  frequency meter and selects 

t h e  frequency range of t h e  UHF receivers. 

The spectrum analyzer  permits  t h e  monitoring of t h e  s p e c t r a l  c h a r a c t e r i s t i c s  

of t h e  Capsule Bus t ransmi t ted  s i g n a l s  t o  v e r i f y  t h a t  no spur ious  r a d i a t i o n  i s  

present .  

Se l f- te s t  i s  performed by switching a 400 MHz s i g n a l  genera tor  i n t o  t h e  

receivers, power m e t e r  and counter  and monitoring t h e  ou tpu t s  l o c a l l y  o r  a t  t h e  

STC via t h e  GDTS. 

I n t e r f a c e s  - The UHF Receiving System i n t e r f a c e s  wi th  t h e  GDTS and t h e  CB 

Radio Subsystem as shown i n  F igure  4.4-10. 
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FUNCTIONAL BLOCK DIAGRAM UHF RECEIVING SYSTEM 
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4.5 CAPSULE BUS MZSSION DEPENDENT EQUIPMENT (MDE) - Mission Dependent Equipment is  

requi red  t o  supplement t h e  c a p a b i l i t i e s  of t h e  Deep Space Network. This  MDE w i l l  

support  Capsule Bus telecommunications i n  t h e  areas of te lemet ry  d a t a  a c q u i s i t i o n ,  

processing and d i sp l ay ,  and command genera t ion  and t ransmission.  Spec ia l  purpose 

procedures,  r o u t i n e s  and computer programs are a l s o  furn ished  as a p a r t  of MDE. 

This  sof tware  i s  used i n  conjunct ion wi th  t h e  computers and d a t a  processing equip- 

ment a t  Deep Space Ins t rumenta t ion  F a c i l i t i e s  (OSIF) s t a t i o n s  and a t  t h e  Space F l i g h t  

Operations F a c i l i t y  (SFOF) f o r  a c q u i s i t i o n  and processing of Capsule Bus da t a .  

4.5.1 

based on t h e  assumption t h a t  t h e  F l i g h t  Spacecraf t  con t r ac to r  w i l l  provide t h e  

Capsule Bus con t r ac to r  w i th  t h e  recons t ruc ted ,  i n t e r l eaved  CB/ESP serial  b i t  

stream as rece ived  i n  t h e  Spacecraf t  v i a  t h e  UHF l i n k .  The F l i g h t  Spacecraf t  MDE 

a l s o  provides t h e  b i t  sync requi red  f o r  ope ra t ion  of t h e  CB MDE. 

Requirements and Cons t r a in t s  - The b a s e l i n e  des ign  f o r  Capsule Bus MDE is 

The Capsule Bus MDE w i l l  provide hardware and sof tware  a t  DSIF sites and 

a t  t h e  SFOF t o  m e e t  t h e  fol lowing set of requirements:  

a. 

b.  

C.  

d. 

e. 

f .  

g *  

h. 

i. 

Acquis i t ion  of i n t e r l eaved ,  time-redundant CB/ESP d a t a  from t h e  output  

of t h e  Spacecraf t  MDE. 

Processing of t h e  d a t a  t o  d e r i v e  b e s t  q u a l i t y  d a t a  from t h e  real-time, 

50-second de lay  and 150-second de lay  d a t a  streams. 

Separa t ion  of CB d a t a  from t h e  in t e r l eaved  CB/ESP da ta .  

Transfer  of da t a  t o  t h e  Telemetry and Command Processor  (TCP) f o r  processing.  

Formatting of t h i s  d a t a  f o r  t ransmission t o  t h e  SFOF over DSN 

communications l i n k s .  

Processing of t h i s  d a t a  i n  t h e  Telemetry Processing S t a t i o n  (TPS) 

and Cent ra l  Computer Complex (CCC) of t h e  SFOF. 

Display of t h i s  d a t a  i n  formats s u i t a b l e  f o r  use  by engineering 

a n a l y s i s  teams. 

Furnishing a Capsule Bus Simulator t o  f a c i l i t a t e  test and checkout 

of CB,MDE,and perform compa t ib i l i t y  t e s t i n g  of CB MDE/DSIF i n t e r f a c e s .  

Implementation of CB command i n i t i a t i o n ,  genera t ion ,  t ransmiss ion  

and v e r i f i c a t i o n ,  i n  conjunct ion wi th  app ropr i a t e  Spacecraf t  command MDE. 

Addi t iona l  requirements inc lude  compa t ib i l i t y  with: 

a. Deep Space Network (DSN) equipment input /output  c h a r a c t e r i s t i c s .  

b. DSN communications l i nk  c a p a b i l i t i e s .  

c. 

d. 

DSN ope ra t iona l  p o l i c i e s  and procedures.  

Engineering a n a l y s i s  team d a t a  requirements.  
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The major c o n s t r a i n t s  considered i n  design on t h e  MDE are: 

a. The method used t o  transmit CB d a t a  via t h e  Spacecraf t  S-Band l i n k  t o  

DSIF sites; i.e., mul t ip lex ing  t h e  in t e r l eaved  CB/ESP d a t a  wi th  

Spacecraf t  d a t a  onto a s u b c a r r i e r  which modulates t h e  S-Band carrier. 

The conf igu ra t ion  and ope ra t ing  c h a r a c t e r i s t i c s  of t h e  Spacecraf t  

MDE a t  DSIF sites and a t  t h e  SFOF. 

b. 

c. The format of CB d a t a  as obtained from t h e  Spacecraf t  MDE, a t  DSIF 

sites and/or  a t  t h e  SFOF. 

The t ime- line a v a i l a b i l i t y  and loading  of t h e  DSIF and SFOF Computer 

Complexes. 

The requirement f o r  real-time o r  near  real-time d i s p l a y  of CB d a t a  

a t  t h e  SFOF. 

d. 

e. 

4.5.2 

i n  t e r m s  of equipment a t  t h e  DSIF sites and equipment a t  t h e  SFOF. 

software f o r  t h e  DSIF and SFOF computers i s  discussed i n  Sec t ion  4.5.4. 

Equipment I d e n t i f i c a t i o n  L i s t  - The Capsule Bus hardware MDE i s  i d e n t i f i e d  

The r e l a t e d  

4.5.2.1 

0 

0 

0 

4.5.2.2 

0 

0 

DSIF Mission Dependent Equipment 

Data Demultiplexinp Equipment - This  equipment accep t s  t h e  in t e r l eaved  

CB/ESP d a t a  from t h e  output  of t h e  Spacecraf t  MDE, s epa ra t e s  t h i s  d a t a  

i n t o  t h r e e  b i t  streams (real-time, 50-second de lay ,  and 150-second d e l a y ) ,  

performs ma jo r i ty  vo t ing  t o  d e r i v e  b e s t  q u a l i t y  d a t a ,  and b u f f e r s  and 

formats  t h i s  d a t a  f o r  e n t r y  i n t o  t h e  Telemetry and Command Processor  

(TCP) . 
Command I n t e r f a c e  Equipment - This  equipment i n t e r f a c e s  wi th  t h e  Spacecraf t  

command MDE and enables  CB command messages t o  be v e r i f i e d  a t  t h e  t i m e  

of t ransmission.  

Capsule Bus Simulator - This  equipment i s  used f o r  compa t ib i l i t y  t e s t i n g  

and checkout of CB MDE a t  t h e  DSIF sites and s imula tes  i n t e r f a c e s  between 

t h e  Spacecraf t  and t h e  Capsule Bus. 

- SFOF Mission Dependent Equipment 

Data Display I n t e r f a c e  Equipment - This  equipment accepts  d a t a  from t h e  

Cent ra l  Computer Complex (CCC) and t h e  Telemetry Processing S t a t i o n  (TPS) 

i n  t h e  SFOF, conver t s  t h i s  d a t a  i n t o  formats s u i t a b l e  f o r  d r iv ing  d is-  

plays ,  p r i n t e r s  and recording devices ,  and enables  d i s t r i b u t i o n  of d a t a  

t o  engineering a n a l y s i s  teams f o r  d i sp l ay .  

Engineerinp Display Equipment - Special-purpose d i s p l a y s  and read-out 

equipment which p re sen t  d a t a  i n  formats as requi red  f o r  u se  by engineering 

a n a l y s i s  t e a m s .  
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o Capsule Bus Control  Console - This  console  c o n t r o l s  ope ra t ion  of t h e  Data 

Display I n t e r f a c e  Equipment, provides f o r  a larm and s t a t u s  monitoring, 

enables  cal l- up of s e l e c t e d  da t a ,  and facil i tates i d e n t i f i c a t i o n  of 

cr i t ical  d a t a  f o r  f u r t h e r  a n a l y s i s  and processing.  

Quick-Look Displays - These d i s p l a y s  are on- line a t  t h e  output  of  t h e  TPS o 

and provide f o r  e a r l y  Capsule Bus systems performance and s t a t u s .  

4.5.3 

s p e c i f i c a t i o n s  f o r  e l e c t r o n i c  equipment f o r  u s e  at DSIF sites and at t h e  SFOF. 

Human engineering cri teria and d i s p l a y  techniques developed by JPL and o t h e r  NASA 

act iv i t ies ,  McDonnell-Douglas, and Philco-Ford, are u t i l i z e d  i n  t h e  design of 

consoles  and d i s p l a y s  t o  f a c i l i t a t e  t h e i r  u se  by NASA and con t r ac to r  personnel.  

Equipment c h a r a c t e r i s t i c s  such as s ize,  shape f a c t o r ,  cab ine t  f i n i s h e s ,  pane l  

l ayou t s ,  t ypes  of c o n t r o l s  and connectors ,  and r e l a t e d  i t e m s  w i l l  fo l low accepted 

s ta te- of- the- ar t  design p r a c t i c e s .  

console  and d i s p l a y  console  con f igu ra t ions  f o r  use  a t  DSIF sites and a t  t h e  SFOF. 

4.5.4 

c r ibed  i n  terms of DSIF-located MDE, SFOF-located MDE, and communications l i n k s  

wi th in  t h e  DSN. 

ou t l i ned  i n  previous s e c t i o n s  of t h i s  r epo r t .  

are now presented and methods f o r  u t i l i z a t i o n  of t h e  MDE are shown. F igure  4.5-3 

i s  a s imp l i f i ed  b lock  diagram of t h e  major func t iona l  MDE elements i n  t h e  DSIF 

and SFOF. 

4.5.4.1 
sync s i g n a l s  are obtained from t h e  output  of t h e  Spacecraf t  MDE. 

are processed by t h e  CB Data Demultiplexing equipment and major i ty  vo t ing  per- 

formed t o  d e r i v e  t h e  best q u a l i t y  da ta .  

Phys i ca l  C h a r a c t e r i s t i c s  - The conf igura t ion  of t h e  MDE complies w i t h  JPL 

Figures  4.5-1 and 4.5-2 show t y p i c a l  c o n t r o l  

Operat ional  Descr ip t ion  - Operat ional  u t i l i z a t i o n  of t h e  CB MDE i s  des- 

The func t ions  and t a s k s  t o  be  performed by t h e  MDE h w e  been 

Operat ional  sequences and d a t a  flow 

DSIF Operat ional  U t i l i z a t i o n  of MDE - In t e r l eaved  CB/ESP d a t a  and b i t  

These s i g n a l s  

This CB/ESP d a t a  is  de- inter leaved 

and t h e  CB and ESP d a t a  separa ted .  

read i n t o  t h e  TCP, which performs decommutation, e r r o r  d e t e c t i o n  and c o r r e c t i o n ,  

and processes  t h e  d a t a  f o r  e n t r y  i n t o  t h e  s t a t i o n  communications processor .  

la t ter  u n i t  p rocesses  t h e  d a t a  f o r  t ransmiss ion  over t h e  h igh  speed d a t a  l i n k  

(HSDL) t o  t h e  SFOF. 

The CB d a t a  is  buffered  and formatted and 

This  

ESP d a t a  is sen t  t o  t h e  ESP Cont rac tor ' s  equipment. 

Capsule Bus commands are t r a n s f e r r e d  from t h e  SFOF t o  t h e  DSIF wi th in  t h e  

Spacecraf t  command message s t r u c t u r e .  The CB command MDE i n t e r f a c e s  w i th  

Spacecraf t  command MDE t o  v a l i d a t e  CB commands as they  are processed f o r  t rans-  

mission over t h e  S-band upl ink .  
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Figure 4.5-1 
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SIMPLIFIED BLOCK DIAGRAM, CB MDE A T  DSlF 

SFOF 
Raw ,Telemetry , b 
Data Processing 

Station 

Frequency 
8, Timing 
System 

CB 
Quick-Look 
Display MDE 

HSDL ,~ 
HSDL 

CBkSP 
Raw Data 

DSlF 4 

System t P r o c e s s e d  Data 

b Recording 

SFOF 
Comm 
Processor 

SIMPLIFIED BLOCK DIAGRAM, CB MDE A T  SFOF 

. 
Decommu toted Control 

Control 1-1 

CB 
Engineering 
Display 
MDE 

HSDL = High Speed Data Link 
GCS = Ground Communications System 

Figure 4.5.3 

4-74 

REPORT F694 m VOLUME 11 m PART D m 31 AUGUST 1967 

MCDONNELL ASTRONAUTICS 



4.5.4.2 

HSDL from DSIF stations enters the SFOF communications processor where address 

recognition and message validation is accomplished. 

SFOF Operational Utilization of MDE - Capsule Bus data received via the 

The raw data from the com- 

munications processor is routed to the Telemetry Processing Station (TPS) for 
signal conditioning and decommutation. 

look displays for early identification of CB performance and status. 

is also fed into the 7288 data communication channel input of the Central Computer 

Complex (CCC). 

messages to computer print-outs, monitors data for changes in data mode, performs 

calibration routines, verifies high and low check values of engineering coeffi- 

cients, and formats the data for entry into the display and read-out devices. 

The CB Control Console MDE provides a focal point for CB data collection 

The data is routed to appropriate displays, selected data 

Decommutated data is fed to CB MDE quick- 

This data 

The CCC scans the data for alarm indication and initiates alarm 

and dissemination. 

is called up, and alarm and status functions are monitored. Other mission 
oriented data is also displayed at this console. 

The data is routed via CB Display Interface MDE to the CB Engineering 

Display MDE for use by the CB engineering analysis teams. These displays enable 
presentation of engineering parameters and critical data, trend data, rime- 

sequenced events and related mission parameters. 
4.5.4.3 

includes computer programs for use within the Telemetry and Command Processor 
(TCP) at the DSIF sites. 
contain the following characteristics: 

DSIF MDE Computer Software - The software considered in this report 

Software development provides computer programs which 

Performance in all operating modes with all permutations of input data 

consistent with capabilities of the TCP. 

High probability of detecting submarginal performance or failure of 
CB subsystems. 

Minimal reprogramming of identical and/or similar functions to support 

the various levels and sequences of MDE operations. 

Flexibility of operation to support changes in data formats due to 

contingencies or alteration in mission sequences. 

The software modular design will ensure compatibility with DSIF operational 

environment and computer program formats. 

modules and subprograms will provide structural and linkage compatibility with 
mission-independent programs. 
to checkout programs with simulated interfaces and in the actual operating environ- 
ment. 

Independent checkout of program 

Additional requirements relate to the capability 
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The software enables the TCP to buffer, format, and edit the CB data stream 
as it is received from the MDE equipment. 
stored in the input buffer. 

processor for transmission over HSDL to the SFOF. 

for CB data processing will be fully compliant with the current TCP computer 

configuration and with DSIF operating modes and data formats. 

Each data frame is identified as it is 
The data is then transferred to the communication 

The TCP software developed 

The concepts and criteria for software development outlined in Section 8.0 
Test Software" will provide guidelines for MDE software development. ;I 

Trade-offs regarding functions accomplished by equipment versus those per- 

formed by means of software for the DSIF and SFOF computers have been evaluated 

during the study. Programing costs and computer utilization effectiveness must 

be balanced against equipment costs, development time and reliability to allow 

the final decision regarding hardware versus software to be made during Phase C. 

4.5.4.4 

DSIF software also apply to the SFOF software. 

the SFOF computers for mission control and operations, status monitoring and 

display control, and other non telemetry data handling imposes additional con- 

straints on the software structure for the Capsule Bus. 

SFOF MDE Computer Software - Many of the same criteria considered for 
The additional utilization of 

Software is provided to enable the Telemetry Processing Station (TPS) to 
accept, process and format CB data from the HSDL. The TPS converts the data to an 

IBM-compatible, 36-bit digital format and produces bulk printer output for quick- 
look purposes. Data is time-tagged, frame synchronization is established, and 

this data fed to the PCM signal conditioner and PCM decormnutator within the TPS. 
The data is then transferred to a PDP-7 computer for further processing into a 
format suitable for entry into the 7288 Data Communication Channel, which serves 
as the input/output buffer for the IBM 7044/7094 system within the Central Computer 

Complex (CCC). 
the on-line and off-line data display devices, performs analysis of the data, 

examines data for failure mode effects and trends, and derives quality assessments 
for each data channel. 

The CCC processes the data into formats suitable for driving both 

Modular software is required for the PDP-7, 7044 and 7094 computers within 

the SFOF. This software enables the accomplishment of the functions described in 
the previous paragraph, and will be patterned after similar programs developed by 

JPL for use in other deep-space missions. 

with JPL computer programming policies and will utilize the optimum machine 

language for each phase of the mission. 

The software will be fully compatible 
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4.5.5 

i d e n t i f i e d  dur ing  t h e  s tudy  are shown i n  Figure  4.5-3 and are grouped i n  t h e  

fol lowing way: 

DSIF-MDE I n t e r f a c e s  

Interface- D e f i n i t i o n  - S i g n i f i c a n t  MDE hardware and sof tware  i n t e r f a c e s  

a. Output of Spacecraf t  MDE and inpu t  t o  CB MDE. 

b. 

c. 

Output of CB MDE and inpu t  t o  the TCP. 

TCP sof tware  used f o r  Spacecraf t ,  SLS and ESP d a t a  processing and 

TCP sof tware  used f o r  CB d a t a  processing.  

SFOF MDE I n t e r f a c e s  

a. Output of Telemetry Processing S t a t i o n  (TPS) and input  t o  CB 

Display I n t e r f a c e  Equipment. 

Output of TPS and input  t o  CB Control  Console. b. 

c. Output of Cent ra l  Computer Complex (CCC) and input  t o  CB Display 

I n t e r f a c e  Equipment. 

d ,  Output of CCC and input  t o  CB Control  Console. 

e. TPS and CCC sof tware  used f o r  Spacecraf t ,  SLS and ESP d a t a  processing,  

and TPS and CCC sof tware  used f o r  CB d a t a  processing.  

SFOF c o n t r o l  consoles /d isp lays  and CB c o n t r o l  consoles /d isp lays .  f .  

Operat ional  i n t e r f a c e s  relate t o  p r i o r i t i e s  assigned t o  CB real-time d a t a  

d isp layed  a t  t h e  SFOF ve r sus  Spacecraf t ,  SLS and EP da t a .  These i n t e r f a c e s  are 

cons t ra ined  by t h e  loading  on t h e  DSIF TCP and t h e  DSIF-SFOF communications 

channels;  i .e.,  percentage of u t i l i z a t i o n  of t h e  TCP f o r  processing of SLS, ESP 

and Spacecraf t  da ta .  

Technical  i n t e r f a c e s  exist between d a t a  channels ,  sync channels,  t iming 

l i n e s ,  d i s p l a y  d r i v e r s ,  c o n t r o l  l i n e s ,  and s t a t u s  monitors.  Compatibi l i ty  i s  

requi red  i n  areas of t iming accuracy,  sync j i t t e r ,  n o i s e  immunity, s i g n a l  

i s o l a t i o n ,  d a t a  formats ,  and e r r o r  d e t e c t i o n  and co r rec t ion .  I n  a d d i t i o n ,  t h e  

obvious requirements i n  t e r m s  of impedances, v o l t a g e  levels,  spur ious  s i g n a l  

r e j e c t i o n ,  and s i m i l a r  i t e m s  w i l l  be  m e t  during t h e  des ign  phase of t h e  program. 

4.5.6 

d a t a  during c r u c i a l  phases of t h e  mission is  d i r e c t l y  dependent on c e r t a i n  elements 

of t h e  MDE. For t h i s  reason,  t h e  ope ra t iona l  r e l i a b i l i t y  requirements imposed on 

t h e  MDE are s i m i l a r  t o  t hose  f o r  t h e  F l i g h t  Capsule equipment. 

func t iona l  redundancy is  provided t o  prevent  t o t a l  l o s s  of d a t a  i n  t h e  event  of 

f a i l u r e  of an element of t h e  MDE. 

of incoming d a t a  is  performed t o  backup 

R e l i a b i l i t y  and Safe ty  - Successful  a c q u i s i t i o n  and processing of real-time 

S u f f i c i e n t  

Both pre- detect ion and pos t- detec t ion  record ing  

real-time d a t a  a c q u i s i t i o n .  I n  a d d i t i o n ,  
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record ing  of processed d a t a  p r i o r  t o  t ransmiss ion  over t h e  DSIF-SFOF communications 

l i n k s  provides f o r  a back up d a t a  source  and u s e  of a n  a l t e r n a t e  communications 

l i n k  i n  event  of f a i l u r e  of t h e  primary l i n k .  

The des ign  and implementation of MDE ( inc luding  sof tware)  w i l l  prevent  t h e  

ex i s t ence  of s i t u a t i o n s  t h a t  are hazardous t o  personnel  o r  p o t e n t i a l l y  damaging 

t o  t h e  equipment and f a c i l i t i e s  comprising t h e  DSN, t h e  Capsule Bus o r  any 

of i t s  subsystems. 

The f u l l  u t i l i z a t i o n  is made of t h e  time-redundant CB d a t a  t o  ensure  a 

h igh  level of confidence i n  r e l i a b i l i t y  of t h e  da t a .  

w i l l  be  proven by d e t a i l e d  checkout r o u t i n e s  accomplished on t h e  TCP and CCC 

computers e a r l y  i n  t h e  program. 

4.5.7 

equipment l oca t ed  a t  t h e  SFOF. 

f o r  JPL, Langley Research Center and o t h e r  NASA ac t iv i t ies ,  present  no s i g n i f i c a n t  

new development e f f o r t .  

I n  add i t i on ,  sof tware  des ign  

Development S t a t u s  - No c r i t i ca l  development problems are foreseen  f o r  t h e  

Displays and consoles ,  similar t o  t hose  developed 

The DSIF MDE development w i l l  proceed i n  p a r a l l e l  wi th  t h a t  of t h e  f l i g h t  

hardware. Where app l i cab le  and cos t- e f fec t ive ,  f l i g h t  hardware c i r c u i t s ,  com- 

ponents and techniques are u t i l i z e d  t o  provide ope ra t iona l  compa t ib i l i t y  and 

ensure high performance and r e l i a b i l i t y .  

MDE i s  t h e  DSIF Data Demultiplexing Equipment. 

Volume V I ,  P a r t  D, de sc r ibes  t h e  planning f o r  development of System T e s t  Complex 

A n  example of such an a p p l i c a t i o n  t o  

The OSE Implementation Plan,  

Software and v a l i d a t i o n  of test complexes a t  t h e  DSIF and a t  t h e  Capsule Bus 

Cont rac tor ' s  p l a n t .  

same framework, each development e f f o r t  s u b s t a n t i a t i n g  t h e  r e s u l t s  of t h e  o the r .  

4.5.8 Growth Capab i l i t y  - The DSIF equipment and sof tware  design w i l l  recognize 

t h e  p o s s i b l e  expansion i n  data- gathering c a p a b i l i t y  of t h e  F l i g h t  Capsule systems. 

Trade- offs eva lua ted  during t h e  s tudy i n  t e r m s  of processing d a t a  a t  DSIF ve r sus  

a t  t h e  SFOF i n d i c a t e  t h a t  s u f f i c i e n t  growth p o t e n t i a l  is  requi red  i n  t h e  MDE a t  

DSIF sites t o  a l low f o r  p a r t i a l  u n a v a i l a b i l i t y  of DSN communications l i n k s .  

S i g n i f i c a n t  changes i n  F l i g h t  Capsule conf igura t ion ,  such as t h e  d e l e t i o n  of t h e  

Entry Package, w i l l  be  accommodated by minor a l t e r a t i o n s  t o  t h e  MDE equipment and 

re format t ing  of t h e  sub rau t ines  i n  TCP software. 

Software development w i l l  provide s u f f i c i e n t  f l e x i b i l i t y  t o  e f f e c t i v e l y  

The MDE software planning w i l l  b e  accomplished wi th in  t h e  

accommodate changes i n  d a t a  requirements and formats.  

s t r u c t u r e d  t o  a l low f o r  v a r i a t i o n s  i n  d a t a  content  and a l t e r a t i o n  i n  mission 

sequences without  t h e  n e c e s s i t y  f o r  genera t ion  of e n t i r e l y  new programs. 

Subrout ines  w i l l  be  
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The SFOF equipment w i l l  permit  a d d i t i o n  of new c o n t r o l  and d i s p l a y  devices  wi th  a 

minimum of redes ign o r  phys ica l  modif ica t ion .  

Extra input  and output  channels  f a c i l i t a t e  t h e  i n c l u s i o n  of new sources  of 

d a t a  i n t o  t h e  information flow. 

4.5.9 

t h e  major Capsule Bus MDE func t ions  o u t l i n e d  i n  Sect ion  4.5.2 is  descr ibed i n  t h e  

fol lowing s e c t i o n s .  

of high-performance i n t e g r a t e d  c i r c u i t s  mounted on plug- in c i r c u i t  ca rds  f o r  ease 

of access and s i m p l i f i e d  maintenance. 

components t o  those  i n  t h e  f l i g h t  hardware are u t i l i z e d  i n  t h e  i n t e r e s t s  of high 

MDE Equipment Funct ional  Descr ip t ions  - The equipment chosen t o  implement 

The equipment uses  d i g i t a l  l o g i c  modules implemented by use  

Where f e a s i b l e ,  equivalent  c i r c u i t s  and 

performance, r e l i a b i l i t y  and s t andard iza t ion .  

4.5.9.1 

equipment i s  shown i n  Figure  4.5-4. 

DSIF Data Demultiplexinn Equipment - A s i m p l i f i e d  block diagram of t h i s  

Two s i g n a l s  are obtained from t h e  Spacecraft  MDE; in te r l eaved  CB and ESP PCM 

serial b i t  stream d a t a  a t  a rate of 2730 bps, and b i t  sync. 

appl ied  v i a  s i g n a l  condi t ioning c i r c u i t r y  t o  a demul t ip lexer ,  whose opera t ion  i s  

c o n t r o l l e d  by t h e  b i t  sync s i g n a l .  

t o  t h e  t h r e e  output  l i n e s ,  i .e . ,  b i t  1 t o  Line A,  b i t  2 t o  l i n e  B, and b i t  3 t o  

l i n e  C. 

second l i n e ,  and 150-second delayed d a t a  on a t h i r d  l i n e .  To i d e n t i f y  which l i n e  

con ta ins  real-time d a t a ,  a three- channel t i m e  c o r r e l a t i o n  process i s  accomplished 

as shown i n  Figure  4.5-4. When c o r r e l a t i o n  i s  ind ica ted  a t  t h e  output  of one of 

t h e  t i m e  comparators, t h e  l i n e  having t h e  50-second delay  con ta ins  real-time d a t a  

and t h e  o t h e r  l i n e  conta ins  50-second delay  da ta .  

t h e  150-second delay da ta .  The block diagram example assumes real-time d a t a  on 

l i n e  A. 

These s i g n a l s  are 

I n  t h e  demul t ip lexer ,  success ive  b i t s  are fed 

This places a l l  real-time d a t a  on one l i n e ,  50-second delayed d a t a  on a 

The remaining l i n e  con ta ins  

The real-time d a t a  i s  app l i ed  v i a  a 150-second delay  u n i t  t o  one input  of a 

major i ty  v o t e r ,  t h e  50-second delay  d a t a  i s  appl ied  via a 100-second delay  u n i t  

t o  a second i n p u t ,  and t h e  150-second delay  d a t a  appl ied  wi th  zero  delay  t o  t h e  

t h i r d  input  of t h e  ma jo r i ty  v o t e r .  

enhanced r e p l i c a  of t h e  o r i g i n a l ,  real-time i n t e r l e a v e d  CB/ESP data .  

The output  of t h i s  device  represen t s  an 

This d a t a  stream i s  now read i n t o  t h e  de- in te r l eaves ,  where t h e  Capsule Bus 

d a t a  stream is separa ted  from t h e  Entry Science Package d a t a  stream. 

t h i s ,  t h e  i n t e r l e a v e d  d a t a  is read i n t o  a s t o r a g e  s h i f t  r e g i s t e r  whose l eng th  is  

s u f f i c i e n t  t o  inc lude  both t h e  CP and ESP frame sync words, enabling t h e  two 

d a t a  streams t o  be separa ted .  These d a t a ,  along wi th  assoc ia ted  frame sync, are 

To accomplish 
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buffered  and formatted f o r  e n t r y  i n t o  t h e  TCP, and processed f o r  t ransmiss ion  v ia  

HSDL t o  SFOF. 

4.5.9.2 

MDE t o  v a l i d a t e  Capsule Bus commands p r i o r  t o  f i n a l  t ransmission.  

diagram of a method of implementation is shown i n  F igure  4.5-5, "DSIF Capsule Bus 

Command MDE." 

(and Spacecraf t )  is  given i n  Volume 111, P a r t  6, Sec t ion  5.4.  

DSIF Command MDE - This  equipment i n t e r f a c e s  w i th  t h e  Spacecraf t  Command 

A s i m p l i f i e d  

A d e t a i l e d  a n a l y t i c a l  treatment of t h e  command system used i n  t h e  SLS 

Composition command i n s t r u c t i o n s  are received via  t h e  DSN communications l i n k s  

from t h e  SFOF; c o r r e c t  r e c e i p t  of t h e s e  i n s t r u c t i o n s  are v e r i f i e d  i n  t h e  TCP by use  

of Spacecraf t  (S/C) MDE software.  

format;  some of t hese  messages conta in  CB commands prefaced by a CB address .  

command baseband is generated,  which phase-modulates t h e  S-band up- link carrier. 

The DSIF monitor r ece ive r  acqui res  and demodulates t h i s  c a r r i e r ,  t r a n s f e r r i n g  t h e  

demodulated baseband t o  t h e  S/C command d e t e c t o r  and decoder MDE. The decoded command 

message a t  t he  S/C decoder output  is compared w i t h  the  o r i g i n a l  command message from 

t h e  TCP by use of t h e  S/C Command V e r i f i c a t i o n  MDE. 

i n h i b i t  s i g n a l  is  s e n t  t o  t he  S/C Command Generation MDE t o  te rmina te  t h e  t ransmission.  

The TCP then i s s u e s  command messages i n  t he  S/C 

A S/C 

I f  an e r r o r  i s  de t ec t ed ,  an 

The CB Command Decoder MDE recognizes  t h e  CB address  i n  t he  output  of t h e  S/C 

Command Decoder MDE, decodes t h e  CB command message and t r a n s f e r s  it  t o  t h e  CB 

Command V e r i f i c a t i o n  MDE. This  u n i t  compares t h e  received CB command message wi th  

t h e  CB command message from the  TCP and sends an i n h i b i t  s i g n a l  t o  t h e  S/C Command 

Generation MDE i f  an e r r o r  i s  de tec ted .  

The CB command MDE func t ion  may be accomplished e n t i r e l y  w i th in  t h e  Spacecraf t  

command MDE, as determined by a d d i t i o n a l  s t u d i e s  by both  Spacecraf t  and Capsule Bus 

Contractors .  

4.5.9.3 

d i sp l ays  meeting t h e  requirements of t h e  Capsule Bus subsystem engineering a n a l y s i s  

teams and designed t o  make m a x i m u m  use of t h e  d a t a  received via t h e  CB te lemetry 

l i n k .  Display conf igura t ion  i s  f u l l y  compliant wi th  JPL s p e c i f i c a t i o n s  regarding 

cabine t  phys i ca l  c h a r a c t e r i s t i c s ,  human engineering cri teria,  d i sp l ay  formats ,  and 

c o n t r o l  and monitor func t ions .  

SFOF Data Disp lay  Equipment - This  equipment c o n s i s t s  of mult i- funct ion 

Systems evolu t ion  w i l l  a l low a more d e t a i l e d  development of engineering d is-  

play  requirements during Phase c. However, r ep re sen ta t ive  d i sp l ays  are descr ibed  

t o  o u t l i n e  t h e  ca t egor i e s  of equipment which have been considered. 
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Cathode ray o s c i l l o s c o p e  d i s p l a y s  which present e n g l i s h  language, alpha-  

numeric l i n e s  of computer pr in t- out  d a t a  on e i t h e r  an  automatic o r  a cal l- up b a s i s  

are provided i n  each of t h e  engineer ing a n a l y s i s  team areas. By means of adap t ive  

programming, o t h e r  d a t a  t o  be  d isplayed inc ludes  a c t u a l  ve r sus  es t imated va lues  of 

s e l e c t e d  parameters ,  s t a t u s ,  performance i n d i c a t o r s ,  mission alerts-, d a t a  nomen- 

c l a t u r e  and engineer ing va lues .  

opera t ion  t o  be manually c o n t r o l l e d ;  c e r t a i n  d i s p l a y  f u n c t i o n s  can be r e c a l l e d  o r  

i n h i b i t e d .  

. 

A c o n t r o l  panel  a l lows changes i n  d i s p l a y  

The second class of d i s p l a y s  are X-Y p l o t t e r s  and multi- channel pen recorders .  

The X-Y p l o t t e r s  can e i t h e r  be d r iven  from t h e  computers i n  an automatic mode o r  

from o f f- l i n e  d a t a  sources.  The pen recorders  d i sp lay  r e l a t e d  subsystem para- 

meters t o  provide a t ime- his tory  record of subsystem performance and occurrence 

of cr i t ical  o r  s i g n i f i c a n t  events .  The X-Y p l o t t e r s  enable  graphic  d i s p l a y  of 

t r end  d a t a  t o  i n d i c a t e  p o t e n t i a l  degradat ion  i n  system performance. Alpha-numeric 

annota t ion  of p l o t t e d  d a t a  as it  is displayed al lows f o r  maximum v i s i b i l i t y  of 

important information.  

4.5.9.4 SFOF Display I n t e r f a c e  Equipment - This equipment accepts t h e  output  d a t a  

from t h e  Centra l  Computer Complex and t h e  Telemetry Processing S t a t i o n  and b u f f e r s  

and conver ts  it i n t o  appropr ia te  formats f o r  d i s t r i b u t i o n  t o  t h e  SFOF MDE d i s p l a y  

equipment. The fol lowing func t ions  are provided: 

0 

0 

0 

0 

0 

0 

I n  

v ides  a 

Signal  condi t ioning and level- changing 

P a r a l l e l - t o- s e r i a l  conversion 

Data combining and i n t e r l e a v i n g  

Data switching and d i s t r i b u t i o n  

I s o l a t i o n  and l i n e  d r i v i n g  

Digital- to- analog conversion 

conjunction wi th  t h e  SFOF Capsule Bus Control  Console, t h i s  equipment pro- 

f o c a l  po in t  f o r  c o l l e c t i o n ,  c o n t r o l  and d i s t r i b u t i o n  of CB d a t a  a t  t h e  

SFOF. 

d a t a  d isseminat ion  and d i s p l a y  requirements. 

speed, r e l i a b i l i t y  and f l e x i b i l i t y  of con t ro l .  

4.5.9.5 

t h e  SFOF is  implemented by use  of a CB Control  Console. 

of t h e  Display I n t e r f a c e  Equipment descr ibed i n  Sect ion  4.5.9.4 above, and al lows 

t h e  CB System Manager t o  have immediate access  t o  c r i t i c a l  segments of CB da ta .  

An osc i l loscope  d i sp lay ,  s i m i l a r  t o  t h a t  descr ibed i n  Sect ion  4.5.9.3 above, 

Plug- in modules and c i r c u i t  ca rds  a l low easy accommodation t o  changes i n  

S o l i d- s t a t e  switches provide f o r  

SFOF Capsule Bus Control  Console - Management of CB engineering d a t a  wi th in  

It provides f o r  c o n t r o l  
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enables  CB d a t a  t o  be  d isp layed  s imultaneously wi th  o t h e r  mission o r i e n t e d  d a t a  

t o  enhance v i s i b i l i t y  i n t o  mission opera t ions .  

t i m e  and event  i n d i c a t o r s ,  and CB system performance level read- outs are included 

t o  f a c i l i t a t e  t h e  making of dec i s ions .  

4.5.9.6 

Bus Telecommunications System w i l l  be combined wi th  t h a t  used f o r  the Entry Science 

S t a t u s  and alarm monitors ,  c r i t i c a l  

DSIF Capsule Bus Simulator - The MDE used f o r  s imula t ion  of t h e  Capsule 

Package t o  f a c i l i t a t e  c o n t r o l  and i n t e r l e a v i n g  of t h e  da t a .  

F igure  4.5-6 shows t h e  major elements of t h e  s imulator .  The PCM d a t a  genera tor  

genera tes  several words of CB PCM d a t a  a t  b i t  rates of 7,  273,  630, 280, 910 

and 2730 bps t o  s imula te  t h e  several d a t a  modes of i n t e r l eaved  CB and ESP d a t a .  

Data, frame sync, and b i t  sync are de l ive red  t o  t h e  d a t a  combiner, where t a p e  

playback d a t a  is a l s o  received.  The t a p e  playback u n i t  enables  recorded test 

d a t a  obta ined  dur ing  CB system and subsystem tests t o  be  processed through t h e  

DSIF MDE and TCP, and comparisons of input  and output  da t a  Fade. Generated o r  

playback d a t a  can be routed through t h e  d a t a  de lay  u n i t ,  and 50-second o r  150- 

second de lays  imposed on t h e  d a t a ,  which i s  f ed  back i n t o  t h e  d a t a  combiner. The 

mode c o n t r o l  enables  s e l e c t i o n  of genera tor  b i t  rate, t a p e  playback opera t ion ,  

s e l e c t i o n  of real-time o r  playback d a t a ,  and s e l e c t i o n  of real-time, 50-second 

de lay  and 150-second de lay  da ta .  It a l s o  enables  b i t s  t o  be  dropped i n  a d a t a  

sequence, in te rchanging  of real-time and delayed d a t a  t o  test decommutation, 

synchronizat ion,  momentary removal of frame sync o r  b i t  sync, and s e t t i n g  of 

output  levels. The s i g n a l  condi t ion ing  a m p l i f i e r  provides i s o l a t i o n  between d a t a  

combiner ou tpu t s  and t h e  l i n e s  used t o  t r a n s f e r  d a t a  t o  t h e  MDE, and enables  t h e  

levels of t h e s e  l i n e s  t o  be  set. 

D i g i t a l  l o g i c  ca rds  are used f o r  mounting of t h e  i n t e g r a t e d  c i r c u i t s  used 

t o  implement t h e s e  func t ions .  Standard c o n t r o l s ,  switches and connectors  are 

used t o  provide compa t ib i l i t y  wi th  o the r  JPL equipment. 
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DSlF CAPSULE BUS SIMULATOR 
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Data 
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Figure 4.5-6 
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SECTION 5 

CAPSULE BUS SUBSYSTEM-LEVEL TEST EQUIPMENT 

Subsystem Test Equipment (SSTE) described in this section provides complete 

test capability for design and operational verification of individual flight sub- 
systems which compose the Capsule Bus. 

ments through the flight and OSE connectors permits this portion of the SSTE, 

identified as Subsystem Test Sets (SSTS), to be used in the performance of detail- 

level subsystem tests and fault isolation to a replaceable subassembly. Descrip- 

tions of the test sets are based on the test functions and requirements of the 

Capsule Bus subsystems only, i.e., independent of Surface Laboratory or Entry Sci- 

ence Package subsystems test requirements. (An alternate approach, described in 
detail in Section 10.6, combines the test requirements of ESP subsystems with those 
of the Capsule Bus or Surface Laboratory to effect a reduction in the total quantity 

of test equipment required for subsystem-level tests.) 

5.1 SUMMARY - Capsule Bus Subsystem Test Sets provide the capability to accurately, 

thoroughly and expeditiously verify proper operational performance and to fault iso- 

late the flight subsystem in the event of a malfunction. Each flight subsystem, or 

functional group of subsystems, is supported by its own test set to assure minimum 

schedule interference and OSE complexity. 

Direct access to the subsystem or its ele- 

Selected Capsule Bus subsystem test sets which are automated for test sequence 

control, data gathering and evaluation are the Guidance and Control, Radar, Sequen-. 

cer, and Telecommunications Subsystem Test Sets. Analysis of the number and type 

of tests, test mechanization complexity and test time for these subsystems indicate 

that test automation is an efficient, cost-effective approach. 

Specific functions provided by the SSTS are: 
a. Control, stimulate, power and measure responses of the flight subsystem 

or any of its elements in real time, repeatably, for performance veri- 

f icat ion. 

b. Identify and record all test data for off-line analyses for those test 

sets which are automated; data gathering is performed by the operator 

for the test sets not automated. 
c. Provide subsystem fault isolation ability to the replaceable subassembly 

level. 
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d. Provide self-test and calibration capability to validate the OSE prior 
to or during tests, automatically as a subroutine or manually by test 

procedure. 

A resume of subsystem test set performance characteristics of our selected 

concept follows in paragraph 5.2; the remaining paragraphs of this section provide 

detailed descriptions of each test set. 

5.2 

system test sets are discussed in the paragraphs which follow. 

5 .2 .1  

Bus Subsystem Test Sets are functionally grouped for independent and/or simultane- 

ous subsystem tests as follows: 

GENERAL - Performance and design features which are common to each of the sub- 

Equipment Identification and Usage - Test equipment comprising the Capsule 

SSTS Flight Subsystem Supported 
Electrical Power Electrical Power 
Guidance and Control Guidance and Control 

Propulsion 
Pyrotechnic 

Radar 

Reaction Control, Terminal 

Pyrotechnic 

Landing Radar, Radar Altimeter 

Sequencer Sequencer 

Telecommunications Antenna, Command, Data Storage, 

Thermal Control Thermal Control 

Radio, Telemetry 

An equipment functional check is performed on each subsystem and its elements, 

using the subsystem test sets, prior to flight hardware installation into the 

Capsule Bus. Proper subsystem operation is thus verified prior to subsystems inte- 

gration and continuity of test data is maintained. 

As subsystems are integrated into the capsule, the SSTS's are used to establish 

subsystems operational compatibility. During the latter part of major module inte- 

gration, the subsystem test sets are used simultaneously with STC equipment to pro- 

vide a correlation between integrated subsystems test data and system performance. 

This correlated data is important for decision-making in the event of anomalies dur- 

ing critical test phases at KSC or mission operations. 

mated with the Canister and Adapter during integration direct accessibility by 
the subsystem test equipment to the flight hardware is restricted, terminating de- 

tailed subsystem-level tests. However, SSTS's may be used during environmental 

tests of the Capsule Bus for anomaly evaluations. 

When the Capsule Bus is 

One complement of CB subsystem test sets will be required at KSC during 
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pre- launch and launch test  phases f o r  cont ingencies .  

I n  a d d i t i o n  t o  t h e  preceding u t i l i z a t i o n ,  i t  is  a n t i c i p a t e d  t h a t  subsystem test  

sets may be used t o  perform pre- del ivery acceptance (PDA) tests (design v e r i f i c a -  

t i o n )  p r i o r  t o  shipping t h e  f l i g h t  subsystem from major subsystem vendors.  

b e n e f i t s  r e s u l t  from t h i s  SSTS u t i l i z a t i o n  which c o n t r i b u t e  d i r e c t l y  t o  mission 

success ,  namely; e l imina t ion  of test v a r i a b l e s  between t h e  vendor and CB contrac-  

t o r ' s  f a c i l i t i e s ,  a reduct ion  i n  test t i m e  and c o s t s  a t  t h e  vendor 's  f a c i l i t y ,  assu-  

rance  of operable  OSE hardware and software p r i o r  t o  r e c e i p t  of t h e  equipment a t  t h e  

CB c o n t r a c t o r ' s  p l a n t .  

5.2.2 

T e s t  S e t s  i s  i n  accordance wi th  JPL and flight- hardware- derived requirements as d i s-  

cussed i n  Sec t ion  2 ,  P a r t  D. 

Severa l  

Design Requirements and Cons t r a in t s  - Design of t h e  Capsule Bus Subsystem 

An ope ra t iona l  c o n s t r a i n t  is  l ev i ed  on u s e  of t h e  subsystem test  sets by t h e  

mating of t h e  Capsule Bus and t h e  Adapter and Canis te r .  Capsule Bus, Surface 

Laboratory, and Entry Science Package tes t  d a t a ,  fol lowing mating, are derived from 

t h e  te lemet ry  down-link and by OSE umbi l ica l  test parameters a v a i l a b l e  t o  t h e  sub- 

system consoles  i n  t he  Systems T e s t  Complex. 

The subsystem- level test equipment is  designed t o  comply with class 100,000 

c lean  room requirements.  One complete set of SSTS is  i n s t a l l e d  i n  t h e  c lean  room 

f o r  use  during equipment f u n c t i o n a l  tests and i n i t i a l  subsystem i n t e g r a t i o n  tests. 

I n t e r f a c i n g  the  f l i g h t  subsystem elements wi th  i t s  a s soc ia t ed  tes t  equipment by 

s h o r t  ha rd l ines ,  p reserves  t h e  q u a l i t y  of t h e  test d a t a  and p e r m i t s  t h e  test opera- 

t o r  ready access t o  t h e  u n i t  under t e s t ,  and test c o n t r o l s  and readout .  

Severa l  modules o r  pane ls  w i th in  t h e  test sets are of common design t o  reduce 

engineering c o s t s ,  maximize t o t a l  s u p p o r t a b i l i t y  of t h e  test equipment and minimize 

opera tor  i n d o c t r i n a t i o n  f o r  t h e  support  equipment program. Out-of- tolerance moni- 

t o r i n g  and alarm c i r c u i t r y ,  power and p r o t e c t i o n  c i r c u i t r y ,  analog and d i g i t a l  d i s-  

play  panels ,  and ana log- to- dig i ta l  conver te rs  a re  s tandard ized  i n  des ign  and hard- 

ware t o  t he  ex t en t  p r a c t i c a l  i n  each test set.  In t eg ra t ed  c i r c u i t r y  is used exten- 

s i v e l y  i n  t h e  test set des ign ,  wi th  d i s c r e t e  components incorporated as requi red ,  

f o r  r e l i a b i l i t y ,  accuracy and phys ica l  compactness. 

5.2.3 

e l e c t r o n i c  equipment cab ine t s  w i th  s p e c i a l  cab ine t s  f o r  t h e  automatic  processor  when 

included.  Casters are provided t o  f a c i l i t a t e  mobi l i ty .  Power and environmental 

condi t ion ing  f o r  t h e  f l i g h t  subsystem under test  are provided by t h e  test set during 

subsystem o r  lower l e v e l  t e s t i n g .  

Phys i ca l  C h a r a c t e r i s t i c s  - Subsystem T e s t  S e t s  are contained i n  s tandard  
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Interconnections between cabinets and flight equipment are made by terminal 
boards and connectors accessible from the top or bottom of the test set. 

and cables are designed to minimize hookup time; connector keying and color coding 

are used throughout the OSE to prevent erroneous connections. 

Connectors 

The SSTS installation for EFC and module buildup is shown in Figure 5.2-1. The 

equipment is functionally grouped to optimize the electrical, physical, functional 

and man-machine interfaces required during subsystems tests. 

5.2.4 

shown in Figure 5.2-2. 

matic processor, an interface unit and the basic test equipment. 

which are not automated consist of only the basic test equipment. 

be added to the manual test sets if required; however, analysis of the subsystem 
test functions of the manual sets indicate that test automation is not cost-effec- 

tive and therefore the interface has not been incorporated in the manual test sets. 

Operational Description - A functional block diagram of a typical SSTS is 

The test set consists of three functional sections; an auto- 

The test sets 

An interface may 

The automatic processor provides test sequence control by the test program 

stored within its memory; the program may be modified by the teletype keyboard or 

the punched-tape reader. In addition to control, the processor monitors and com- 

pares subsystem responses to stored limits, outputs out-of-tolerance data to the 

teletypewriter, outputs all test data, time-taggedy to the paper tape punch for 

recording, and provides OSE self-test and fault isolation capability. 

The interface unit processes the command data from the processor and controls 

Response data is multiplexed and conditioned for use by the basic SSTS equipment. 
the processor. 

Equipment comprising the basic test equipment consists of signal generators, 

displays, clock, loads, protective circuitry, oscillographic recorders and alarm 

monitoring circuitry. 

capability, reliability, and availability, in order to reduce OSE operating and 
maintenance costs. 

5.2 .5  Performance Characteristics - Significant SSTS performance characteristics 
common to all of the test sets are summarized herein. 

Items of test equipment are selected for multiple function 

a. Measurement Accuracy: Accuracy of the SSTS measurement devices is 

in general an order of magnitude greater than that of the parameter 

measured. 

b. Test Repeatability: Repeatability of tests is maximized by automa- 

tion, fixed interconnections (by the use of matrix boards) and by 
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SSTS INSTALLATION AT CAPSULE BUS INTEGRATION SITE 

Figure 5.2-1 
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C.  

d. 

e. 

f .  

g .  

i nco rpora t ion  of d i g i t a l  techniques f o r  measurement when poss ib l e .  

Test T i m e :  T ime  requi red  f o r  tests i s  minimized by automation where 

e f f e c t i v e .  Minimum test t i m e  reduces f l i g h t  hardware ope ra t ing  t i m e .  

Marginal Tes t ing :  S t imu l i  are va r i ed  i n  t i m e ,  amplitude, p u l s e  width 

o r  frequency (according t o  t h e  s e l e c t e d  parameter) t o  determine marginal  

ope ra t ing  performance. 

launch commitment decision-making. 

P r o t e c t i v e  C i r c u i t s :  

t o  a s s u r e  improper o r  harmful s i g n a l s  are not  appl ied  t o  f l i g h t  hardware 

o r  OSE. 

Out-of- tolerance Parameter Ind ica t ions :  

t o red  appear o u t s i d e  t h e  to l e rances  e s t ab l i shed  i n  t h e  test program o r  

procedure, a warning l i g h t  on t h e  test set c o n t r o l  pane l  i l l umina te s  

and t h e  parameter and i t s  va lue  is  p r i n t e d  out  on t h e  t e l e t y p e w r i t e r  

i n  t he  automatic  c o n t r o l  mode. 

monitored and a n  out- of- tolerance cond i t i on  causes hard-wired p r o t e c t i v e  

c i r c u i t r y  i n  t h e  test set t o  d r i v e  t h e  tes t  set and u n i t  under t e s t  t o  a 

s a f e  condi t ion .  I f  t h e  out- of- tolerance cond i t i on  i s  not  of a c r i t i c a l  

n a t u r e ,  t h e  automatic  test r o u t i n e  permi ts  t h e  opera tor  t o  clear t h e  m a l -  

func t ion  and/or  cont inue  t h e  tes t .  

Self- Test :  An OSE self- check i s  incorporated a t  t h e  beginning of a test 

sequence and a t  any po in t  i n  t h e  sequence when t h e  f u n c t i o n a l  se tup  is  

cons iderably  changed. I n  add i t i on ,  when a malfunct ion is de tec ted  by 

t h e  test set ,  a s e l f - t e s t  i s  prescr ibed  au tomat ica l ly  o r  manually as 

a p p l i c a b l e  t o  t h e  tes t  set. 

Resul t ing  test d a t a  are e s p e c i a l l y  u s e f u l  t o  

P r o t e c t i v e  devices  and c i r c u i t s  are incorpora ted  

Should a parameter being moni- 

Cr i t ica l  o r  d e s t r u c t i v e  parameters are 

5 .2 .6  

SSTS. 

f o r  test sequencing and monitoring wi th  t h e  except ion of those  noted previous ly  

where automation i s  not  a cos t- e f fec t ive  approach. However, a computer i n t e r f a c e  

may be added, i f  des i r ed ,  t o  t h e s e  test sets. 

5.3 ELECTRICAL POWER SUBSYSTEM TEST SET 

5.3.1 I d e n t i f i c a t i o n  and Usape - The Electrical Power Subsystem T e s t  Se t  provides 

t h e  c a p a b i l i t y  t o  perform a l l  pre- del ivery acceptance (PDA) tests ,  equipment func- 

t i o n a l  checks (EFC) and subsystem tests of t h e  Electr ical  Power subsystem and sup- 

p l i e s  e lec t r ica l  power t o  t h e  Capsule Bus i f  t h e  Electr ical  Power subsystem o r  any 

of i t s  elements are not  i n s t a l l e d  o r  opera t ing .  

I n t e r f a c z -  S p e c i f i c  i n t e r f a c e s  are l i s t e d  wi th  t h e  d e s c r i p t i o n  of each 

The SSTS are capable of i n t e r f a c i n g  wi th  a gene ra l  purpose d i g i t a l  computer 
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5.3.2 Phys i ca l  C h a r a c t e r i s t i c s  - The Subsystem T e s t  S e t  (SSTS) is  packaged i n  two 

s tandard  e l e c t r o n i c  equipment c a b i n e t s  on cas t e red  bases .  

shown i n  F igure  5.3-1. 

5.3.3 Opera t iona l  Descr ip t ion  - Because of t h e  fundamental na tu re  of t h e  tests, t h e  

s i m p l i c i t y  of t h e  measurements involved and t h e  r e l a t i v e l y  s m a l l  number of opera- 

t i o n s  performed, t h e  SSTS i s  manually operated.  

cont inuously and v i s u a l  and audio alarms are provided by hardwired l o g i c  t o  i n d i c a t e  

out- of- tolerance condi t ions .  

Cabinet con f igu ra t ion  i s  

Cri t ical  parameters are monitored 

S e l f- t e s t i n g  i s  accomplished by s imulat ing t h e  subsystem parameters which are 

measured o r  con t ro l l ed ,  and by checking t h e  response of a l l  monitors and alarms t o  

both marginal  and nominal condi t ions ;  and by v e r i f y i n g  t h e  s t i m u l i  app l i ed  t o  t h e  

f l i g h t  subsystem by measurement wi th  s tandard tes t  equipment. 

5.3.4 The SSTS block diagram shown i n  Figure 5.3-2 

is  designed t o  perform t h e  func t ions  t abu la t ed  i n  F igure  5.333 and t b s e  d iscussed  

below. 

Performance C h a r a c t e r i s t i c s  - 

Control led dummy loads  are provided t o  s imula te  normal CB e l e c t r i c a l  loads  and 

t o  provide s e l e c t e d  b a t t e r y  d ischarge  rates. 

ing a range of 20 - 40V provides s imulated b a t t e r y  power t o  t h e  Electrical Power 

Subsystem i n  t h e  CB. 

ing purposes.  Current l i m i t i n g ,  vo l t age  l i m i t i n g ,  and e x t e r n a l  v o l t a g e  sensing 

devices  are incorporated i n  t h e  SSTS design both f o r  r e g u l a t i o n  and c i r c u i t  pro- 

tec t ion  * 

A cons tan t  vo l t age  power supply hav- 

A cons tan t  cu r r en t  power supply i s  provided f o r  b a t t e r y  charg- 

Meters and r eco rde r s  are provided t o  measure and monitor a l l  power subsystem 

analog parameters such as b a t t e r y  vo l t age ,  charge and d ischarge  c u r r e n t ,  and n e t  

ampere-hour charge and discharge.  

The switching p o i n t s  of t h e  DC bus vo l t age  sensors  are checked by varying t h e  

c r u i s e  power and backup power bus l e v e l s  and determining when t h e  sensor  switches 

t o  t h e  a l t e r n a t e  power source.  

t o  f l o a t  charge, i s  checked by monitoring charger  output  cu r r en t  ve r sus  b a t t e r y  

vo l t age ,  t o  v e r i f y  proper ope ra t ion  of t h e  charger ,  

ge r  i s  t e s t e d  f o r  vo l t age  and cu r ren t  by s tandard  test equipment. 

are passed through t h e  subsystem cu r ren t  shunts  and t h e  te lemetry out-  

p u t s  t o  provide a c a l i b r a t i o n  of t h e  te lemet ry  power l e v e l  sensor .  

5.3.5 

concept used by t h e  Capsule Bus Electrical Power Subsystem i s  maintained by t h e  

I n t e r f a c e  and t h e  test set.  

Switchover p o i n t  of t h e  CB charger ,  from f u l l  charge 

The output  of t h e  b a t t e r y  char-  

Known c u r r e n t s  

I n t e r f a c e s  - I n t e r f a c e s  are shown i n  Figure 5.3-4. The s ingle- point  ground 
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ELECTRICAL POWER 
SSTS 

Figure 5.3-1 
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ELECTRICAL POWER SSTE FUNCTIONAL BLOCK DIAGRAM 

Control 

Battery 
Si mu I at or 
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I 

Power 
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Figure 5.3-2 
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ELECTRICAL SUBSYSTEM TEST REQUIREMENTS 

Voltmeter 

Vo 1 t m e  ter 

Ampere-Hour 

I n d i c a t o r s  

Range and 
Accuracy 

15 - 40 + 0.1V - 

0 - 100 + 0.1Mv - 

0 - 40 + 0.01V - 

0 - 50 + 0.05 AMP - 

0 - 10 + 0.01 AMP 
999 - + 0.1  AMP-HR 

- 

S t a t e  1 o r  
S t a t e  2 

P arame t e r 

Bus Voltage Monitor 

Current Monitor 
A l l  T e l e m e t r y  S igna l s  

Voltage Sensor #1 
Voltage Sensor 82 
Bat te ry  Voltage Monitor 

Ba t t e ry  Charger Current 
Bus Current Monitor 

Shunt Ca l ib ra t ion  Current 

Ba t t e ry  N e t  Charge o r  
Discharge 

Power Switching and Logic 
Relay P o s i t i o n s  

Figure 5.3-3 
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ELECTRICAL POWER SSTS INTERF 
4 

Battery Voltage Monitor 

Figure 5.3-4 
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5 . 4  SEQUENCER SUBSYSTEM TEST SET 

5 .4 .1  Equipment Identification and Usape - The Subsystem Test Set (SSTS) for the 
Sequencer Subsystem provides all the equipment necessary to perform equipment 

functional checks (EFC) and installed subsystem tests at the Capsule Bus (CB) con- 

tractor's plant; in addition it may be used to perform pre-delivery acceptance (PIIA) 

tests at the subsystem vendor's plant. 
integration tests to provide direct subsystem control and monitoring via the OSE 
connectors. 
5.4.2 

diagnostic analysis and malfunction isolation for the Sequencer and Timer (S&T) and 

the Test Programmer (TP). Specifically, the following functions are required of 

the SSTS: 

The test set is also used during subsystems 

Design Requirements - The Sequencer SSTS is required to perform a complete 

a. Supply power. 

b. Simulate command link data, sensor inputs and In-Flight Test Programmer 

inputs. 
c. Monitor reference frequencies. 

d. Monitor and supply clock pulses, input signals and loads for telemetry 

data. 

e. Monitor and supply loads for discrete outputs. 
f. Monitor and supply clock pulses, input signals, and loads for guidance 

and control data. 

g. Monitor and supply stimuli for diagnostic data. 
5.4.3 

electronic equipment cabinets and an automatic processor cabinet as shown in 

Figure 5.4-1. It is mounted on a castered base and is designed to be easily dis- 

connected and connected into the test complex cabling, facilitating mobility. The 
test set incorporates standard modules which are of common design for major subsys- 

tem test set usage, such as the automatic processor, malfunction alarm unit, etc. 
The construction provides for growth, safety interlocks, fault isolation test 

points, and plug-in components to, implement human engineering factors and maintain- 
ability concep ts. 

5.4.4 Operational Description - The test set (SSTS) block diagram is shown in 
Figure 5.4-2 and identifies the major functioning elements comprising the test set 

which are described briefly as follows: 

Physical Characteristics - The Sequencer SSTS is packaged in two standard 

a. Automatic Processor Unit: Provides for automatic test sequence control 

and instrumentation setup, data GO/NO GO comparisons and OSE self-check 
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SEQUENCER SUBSYSTEM TES 

Figure 5.4-1 
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SEQUENCER SSTS BLOCK 

Figure 5.4-2 
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b. 

C. 

d. 

e. 

f. 

g- 

h. 

i. 

j. 

k. 

1. 

m. 

routines. 

automatic processor input/output. 

Digital Logic Unit: 

associated with the sequencer and timer and test programmer, logic for 
time and frequency measurements and data storage for subsequent process- 
ing. 

Analog Response Unit: Provides an analog multiplexer, analog to digital 

converter and signal conditioning for measurement of analog parameters. 
The multiplexer is of the "on demand" type to implement high sampling 

rates of defective or out-of-tolerance parameters. 
Bilevel Stimuli Unit: 
crete commands. 

Bilevel Response Unit: 

parameters. 
Master Clock: 

time . 
Malfunction Alarm Unit: Provides analog and bilevel, settable hi/lo de- 

tectors for continuous monitoring of key/critical parameters. Visual/ 

audible alarms are used for indication of key parameter status with an 
automatic shut down routine for critical conditions. 

Analog/.event recorders/displays: 
display of analog/bilevel parameters for time-line plots. 

Power: Provides a programmable power supply for performance margin 
subsystem tests. 

Time Code Generator: 
in real time. 

Processor Interface Unit: 
matic processor. 
Data Distribution Unit: Provides flexibility in signal routing between 

the subsystem under test and the test set modules. 

Master Control Unit: Provides manual controls and displays for opera- 

ting the test set in its automatic and manual modes and includes thumb- 
wheel switches for setting in subsystem component serial numbers and 

other test information for the data bank, 

The teletypewriter and paper tape punch/reader are used for 

Provides for generating and receiving digital data 

Provides programmable bilevel sources for dis- 

Provides bilevel sensors for monitoring discrete 

Provides an accurate time base for measuring frequency and 

Provides for selective recording/ 

Provides for time tagging recorded/printed data 

Provides for data input/output to the auto- 

Additional descriptions of standardized modules used in the subsystem test 

sets are described in Section 5.2. 
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The reference frequencges (1 KHz and 38 .4  KHz) are measured to five signifi- 

cant figures by digital modules contained in the digital logic unit. 
stop gate time is provided by the master clock. 

The start/ 

The measurement of time associated with each of the 80 output discretes is 
also determined through the use of logic modules contained in the digital logic 
unit. The test set provides a start command to the S&T and to the master clock 

count down register as a t reference. The S&T will then scan its 128 words 

(16 bits/word) in memory and decrement the words associated with the discrete 
outputs to zero thus providing the required time delays. 

0 

The test set monitors these outputs in parallel to determine that each output 

has occurred at the proper time and that the others have not occurred8 A circuit 

configuration is devised that scans all of the 80 outputs in a time less than the 

smallest increment of S&T time i.e., less than 50 milliseconds. When a change in 

state is sensed, (as all of the 80 lines are scanned) flip-flops are set that 
enables master clock time (or measured time fromto to the event)to be transferred 
to the automatic processor memory for validation. 

memory for the discrete output pulses for identification of the output number asso- 

ciated with the recorded time. 

milliseconds, the scan rate is 10 K samples per second and the processor memory 
cycly time is 8 microseconds all of which will enable the various combinations of 

discrete output time measurements to be made almost simultanously. 

The flip-flops also provide 

The master clock's least significant bit is 10 

The S&T digital interfaces, i.e. G&C, telemetry and command link, are tested 
by supplying 10 KHz clock pulses and either supplying or monitoring the bi-level 

data request/data ready signals and serial data transfer either to or from the 

S&T through use of the processor interface unit. 

than the (216 seconds maximum 

through bypassing of some of the clock count down registers and is enabled by a 

discrete command from the test set via the OSE test connectors. 

The S&T provides a ground test mode that permits testing in a shorter time 

flight mode. This is accomplished in the S&T 

The S&T input command words are 32 bits in length and are composed of address 

and data bits. 

matic processor will generate these words for simulating the command link inputs 

to the S&T. 
telemetry output for memory readout, 

processor interface unit and transferred to the processor memory for subsequent 

The test set processor interface unit in conjunction with the auto- 

A discrete command to the S&T provides for memory dump via the 

These words are received by the test set 
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v a l i d a t i o n .  

suppl ied  t o  t h e  S&T and i s  approximately 10 I(Kz. 

are t e s t e d  f o r  back-leakage ( turn  o f f )  and s a t u r a t i o n  ( turn o f f )  resistance. 

Tests of t h e  i n f l i g h t  checkout programmer are similiar t o  those  f o r  t h e  

sequencer.  The d i g i t a l  words t o  be loaded i n t o  t h e  TP memory u n i t  and t h e  readout  

of t h e s e  words are suppl ied  and monitored by t h e  test set. The d i s c r e t e  output  

commands are a l s o  t i m e  measured by t h e  test  set, but  have g r e a t e r  t i m e  t o l e r ances  

a s soc i a t ed  wi th  t h e s e  events .  

5.4.5 

Ind iv idua l  subassemblies may be i n t e r f a c e d  wi th  t h e  SSTS by connect ing t h e  sub- 

assemblies  d i r e c t l y  t o  t h e  test adap te r  u n i t s  which are a p a r t  of t h e  T e s t  S e t .  

5.5  GUIDANCE & CONTROL SUBSYSTEM TEST SET (SSTS) 

5.5 .1  Equipment I d e n t i f i c a t i o n  and Usage - The G&C Subsystem T e s t  S e t  i s  used 

f o r  equipment func t iona l  checks (EFC) a t  t h e  capsule  bus c o n t r a c t o r ' s  f a c i l i t y  

p r i o r  t o  G&C subsystem i n s t a l l a t i o n  i n t o  t h e  Capsule Bus and t o  provide d i r e c t  

subsystem c o n t r o l  and monitoring via  t h e  subsystem d i r e c t  access OSE test 

connectors ,  during major module-subsystems i n t e g r a t i o n  tests, (Phase 1A) and, 

major module i n t e g r a t i o n  tests, (Phase 1 B ) .  The G&C SSTS may a l s o  be used t o  

perform Pre-Delivery Acceptance (PDA) t e s t i n g  of t h e  f l i g h t  G&C subsystem a t  t h e  

vendor's p l a n t .  

The inpu t /ou tpu t  word d a t a  rate i s  a f u n c t i o n a l  of t h e  c lock  s i g n a l  

The S&T s o l i d  s ta te  output  d r i v e r s  

I n t e r f a c e s  - Subsystem i n t e r f a c e  information i s  shown i n  F igure  5.4- 3.  

One (1) set of t h e  G&C subsystem test equipment is  requi red  a t  t h e  KSC indus- 

t r i a l  area f o r  contingency purposes.  

5.5.2 

ments are: 

Design Requirements - The G&C subsystem t es t  set func t iona l  design requi re-  

a. 

b. 

C .  

d.  

e. 

f .  

g. 

h .  

Simulating r ada r  i npu t s  t o  t h e  G&C f l i g h t  subsystem. 

E l e c t r i c a l l y  s imula t ing  v e h i c l e  movement by providing torquer  s i g n a l s  t o  

t h e  gyros and accelerometers .  

Simulating Sequencer and Timer  i npu t s  f o r  mode c o n t r o l  and computer memory 

wr i te- in ,  update  and readout .  

Simulating i n- f l i g h t  t e s t  programmer commands and d i g i t a l  words. 

Supplying power. 

Monitoring and supplying loads  f o r  t h e  G&C output  s i g n a l s  t o  te rmina l  

propulsion,  r e a c t i o n  c o n t r o l  and de- orbi t  subsystems. 

Supplying d i agnos t i c  input  s t i m u l i  and monitoring d a t a  provided by t h e  

subsystem OSE test connectors .  

Monitoring and supplying loads  f o r  t h e  TM output  s i g n a l s .  
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SEQUENCER SUBSYSTEM TEST SET INTERFACE DIAGRAM 
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5.5.3 
ment is shown in Figure 5.5-1, The test set is constructed to be easily discon- 

nected and connected into the test complex cabling, facilitating transportation. 
The test set incorporates standard modules, which are of common design for major 

subsystem test set usage. i.e., automatic processor unit, malfunction alarm unit, 

etc. The construction features growth-provisions, safety interlocks, fault 

isolation test points and plug in components to implement human engineering 
factors and maintainability concepts. The test adapter unit, shown in 

Figure 5.5-1 is used for connecting the G&C elements directly into the test 

Physical Characteristics - The G&C Subsystem Test Set (SSTS) arrange- 

set for PDA and EFC testing. 

verifications to be preformed on the GGrC elements, in conjunction with environ- 
mental chambers and ratelposition tables at the vendor. 

ally grouped and supported by a castered structure for mobility. 
5.5.4 

Figure 5.5-2 and identifies the following major functioning elements; 

Extension cables are provided to allow calibration/ 

The test set is function- 

Operational Description - A block diagram of the test set is shown in 

a. Automatic Processor Unit: Provides for automatic test sequence control 
and instrumentation set up, data GOION GO comparisons and OSE self-check 

routines. 
automatic processor input/output. 

The teletypewriter and paper tape punch/reader art: used for 

b. Analog Stimuli Unit: Provides programmable signal generators for analog 
stimuli application to the G&C subsystem. 

c. Analog Response Unit: Provides an analog multiplexer, analog to digital 
converter and signal conditioning for measurement of analog parameters. 

The multiplexer is of the "on demand" type to implement high sampling rates 

of defective or out of tolerance parameters. 

d. Bilevel Stimuli Unit: Provides programmable bi-level sources $.or dis- 

crete commands. 

e. Bilevel Response Unit: Provides bi-level sensors for monitoring discrete 

parameters. 

f. Malfunction Alarm Unit: Provides analog and bi-level, settable hi/lo 
detectors for continuous monitoring of key/critical parameters. 

audible alarms are used for indication of key parameter status with an 

automatic shut down routine for critical conditions. 

Visual/ 

g. Analoglevent recorders/displays: Provides for selective recording/display 
of analog/bi-level parameters for time line plots. 
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GUIDANCE AND CONTROL SSTS FUNCTIONAL BLOCK DIAGRAM 
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h. 

i. 

j. 

k. 

1. 

Power: 

system tests. 

Time Code Generator: 

real time. 

Processor Interface Unit: 
generates and receives digital data associated with the G&C computer and 

stores digital data for subsequent automatic processing. 
Data Distribution Unit: 

the subsystem under test and the test set modules. 

Master Control Unit: Provides manual controls and displays for operating 

the test set in its automatic and manual modes and includes thumbwheel 

switches for setting in subsystem component serial numbers and other test 

information, for use he .data bank. 

Provides a programmable power supply for performance margin sub- 

Provides for time-tagging recordedlprinted data in 

Provides for data input/output to the processor, 

Provides flexibility in signal routing between 

Additional descriptions of modules commonly us 
described in paragraph 5.2. 

in subsystem test sets are 

The test set bi-level stimuli unit supplies the required discrete commands 

for initiating G&C subsystem events, such as operating and in-flight checkout 

modes. 

supplies digital words for inputs to the G&C computer, such as computer instruc- 

tions and memory update. The G&C computer has a memory capacity of 4096 20-bit 
words, which are loaded, updated and readout by commands and digital instructions 

provided by the test set. 

The processor interface unit, (in conjunction with the sutomatic processor) 

Radar velocity, range and altitude digital input signals to the G&C are 

supplied by the processor interface unit. 

the bilevel stimuli unit. 

Radar status sigxls are simulated by 

The Inertial Measurement Unit outputs, (digital data trains) are gated into 

registers located in the processor interface unit for determining events per unit 

time corresponding to gyro and accelerometer dynamic/static displacements, 

cision gyro and accelerometer torquer input signals are supplied by the processor 
interface unit (digital data) for application to the gyros and accezerometer for 
calibration and simulation of vehicle movement. 

signals for control of the reaction control system thruster solenoids and pro- 

portional digital signals for throttling the terminal propulsion system engines 

all of which are verified by the test set response units, 

Pre- 

The G&C outputs are bi-level 

The test set event 

recorder can be used to monitor the G&C output signals for correlation of these 
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s i g n a l s  w i th  t h e  app ropr i a t e  i npu t  s t i m u l i  o r  computational mode of t h e  G&C 

computer. 

5.5.5 

subsystem and t h e  G&C subsystem test set are shown i n  Figure  5.5-3. 

5.6 W A R  SUBSYSTEM TEST SET (SSTS) - The Radar SSTS inc ludes  bo th  t h e  Landing 

Radar T e s t  S e t  and t h e  Radar A l t i m e t e r  T e s t  Se t .  

func t ion ,  ope ra t ion  and u t i l i z a t i o n ,  t h e  test sets are combined t o  sha re  an  

automatic  processor  u n i t .  

altimeter test set are pointed ou t  i n  t h e  d iscuss ion .  

5.6.1 I d e n t i f i c a t i o n  and Usage - The Radar Subsystem T e s t  Se t  provides  power, 

con t ro l ,  monitoring and record ing  equipment necessary  t o  test t h e  Radar Sub- 

systems during pre- del ivery acceptance (PDA) tests, equipment f u n c t i o n a l  checks 

(EFC), and subsystem tests. No a d d i t i o n a l  test  equipment o r  subsystems are re- 

I n t e r f a c e  D e f i n i t i o n  - The func t iona l  i n t e r f a c e s  between t h e  G&C f l i g h t  

Because of t h e  s i m i l a r i t y  0.f 

The f e a t u r e s  t h a t  are p e c u l i a r  t o  e i t h e r  landing o r  

qu i red  t o  be  connected o r  opera t ing  i n  o rde r  t o  perform t h e s e  tests. 

5.6.2 Design Requirements - The test set i s  requi red  t o  provide a means of 

coupling RF energy between t h e  test set cab ine t s  and t h e  subsystem antennas. 

a l s o  i s  requi red  t o  provide a means t o  con ta in  t h e  test- set- generated RF energy 

and t h e  subsystems-generated 

tests and RF measurement tests. 

5.6.3 Phys ica l  C h a r a c t e r i s t i c s  - The test  equipment is  comprised of t h r e e  

s tandard electrical cab ine t s  of landing r ada r  test equipment, t h r e e  s tandard 

e l e c t r i c a l  equipment cab ine t s  of r ada r  altimeter test equipment, a n  antenna h a t  

coupler  f o r  each of t h e  two subsystem's antennas,  and an automatic  processor  

console  which i n t e r f a c e s  wi th  both sets of cab ine t s .  The cab ine t s  and console  

are mounted on cas t e red  bases  and are i l l u s t r a t e d  i n  F igure  5.6-1. 

h a t  couplers  are shown i n  F igure  5.6-2. 

5.6.4 Opera t iona l  Descr ip t ion  - I n  ope ra t ion  t h e  test set selects t h e  test 

po in t  t o  be measured, provides e x c i t a t i o n  and s t imu la t ion ,  sets up t h e  type  of 

measurement and range, provides eva lua t ion  l i m i t s  and comparison c i r c u i t s ,  pro- 

It 

RF energy necessary t o  perform simulated mission 

The antenna 

. v i d e s  f o r  d a t a  recording,  s u p p l i e s  a timing r e fe rence  and mark, and provides a l l  

requi red  commands d i s p l a y s  and power. 

5.6.5 Performance C h a r a c t e r i s t i c s  - The test  set block diagram, shown i n  

F igure  5.6-3 is  designed t o  perform t h e  fol lowing func t ions :  

Control - Control  i s  e i t h e r  manual o r  automatic.  Automatic c o n t r o l  i s  

accomplished wi th  a n  automatic  processor  comprised of a computer, comparison 
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GUIDANCE AND CONTROL TO SSTS INTERFACES 
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Figure 5.6-2 
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circuits, and a teletypwriter with attached tape punch and reader for memory load- 

ing, programing inputs and printout. 

Simulation - The test set is designed to provide authentic RF simulation of 
radar return signals expected during a Martian landing. 

for landing radar and L-band for the radar altimeter. 
frequencies, bandwidths and signal levels can be programmed with a dynamic range 

simulator to simulate any specified descent trajectory. The signals to be simu- 
lated at high altitudes are generally characterized by low power levels and wide 

signal bandwidths, whereas at low altitudes, high level signals with narrow band- 

RF frequencies are X-band 

A wide range of signal 

widths are expected. This test equipment has the capability of simulating signal 

characteristics at discrete points during the mission, and reading out the corre- 

sponding radar outputs. 

Subsystem interfaces is provided by the test set. 

Simulation of all loads and signals seen by the Radar 

Measurement - A s  indicated in the interface diagrams of Figures 5.6-4, and -5, the 

test equipment measures radar frequency, spectrum, power, sensitivity, telemetry 

outputs, discrete outputs, AGC, AFC, and response t o  interrogation and stimulation. 

Pulse risetime, pulse width, pulse repetition frequency, and peak power of the 

Radar Altimeter are measured, while on the Landing Radar, deviation frequency, and 
modulator sweep amplitude and frequency are measured. 

Comparison - The equipment compares the measured values against programmed 
limits and provides a GO/NO GO evaluation, a record (punched tape) of the measured 

value, a digital display, and a teletype printout of any out-of-tolerance measure- 
ment. 

Recording - All test measurements are recorded on punched tape. Additional 

analog and digital recording are provided where necessary. Flight subsystem and 

test equipment operating times are also recorded. 

Self-Test - OSE self test is performed automatically at the beginning and end 
of each program and verification is performed at any no-go hold. Self-test is 
provided by simulating the Radar Subsystems' functions which are measured or con- 

trolled by the test equipment, and by checking the response of all monitor and 

tolerance detectors to both marginal and nominal conditions of the simulated func- 

tions and the applied stimuli. 

Built-In-Test - The BIT of both radar subsystems contains the necessary com- 
ponents to supply simulated targets at the RF level (and at the IF level for land- 

ing radar) for receiver checkout. 

checkout and is used as an aid in obtaining test measurements. 

The BIT is controlled by the test set during 
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Critical Alarm Monitoring - Continuous monitoring of critical parameters fs 
provided to determine if the parameters are in tolerance. 

indications are provided to indicate out-of-tolerance conditions. In addition, 
provisions are made to prevent application of destructive out-of-tolerance stimuli 

and to isolate sensitive elements from critical conditions. 

Visual and audio alarm 

Telemetry Data Monitoring - Provision is made to measure directly on Rbdar 
Subsystem outputs normally monitored in-flight by telemetry. 

5.6.6 

subassemblies is achieved by use of the antenna hat couplers as shown in 

Figure 5.6-2.  These are, in each case, a single unit attached to the antenna 

assembly(s1 with complete DC electrical isolation maintained between the coupler 

and the antenna assembly(s) by use of isolation pads. 

energy from the transmitter arrays, in the case of the Landing Radar, and allows 

modulated energy to be coupled back into the receiver arrays; it provides the RF 
interface between the test set and the antenna in the case of the Radar Altimeter. 

Subsystem interface information is shown in Figure 5.6-4 and Figure 5.6-5. Indiv- 

idual subassemblies are connected directly to the test set by mounting the sub- 

assembly on the test adaptor unit which is a part of the test set. 
ties shown on the interface diagrams are ap 
5.7 TELECOMMUNICATION SUBSYSTEM TEST SET 
5 . 7 . 1  Equipment Identification and Usage ommunications Subsystem 

Test Set is used to acceptance test the following Capsule Bus TCM Subsystems as 

individual subsystems o r  as a combined TCM subsystem: 

Interfaces - RF coupling between the test set and the radar antenna 

The hat extracts microwave 

Signal quanti- 

a. Command 

b. Data Storage 

c .  Telemetry 

d. Radio 

e. Antenna 

In addition, the test equipment is used for compatibility and qualification test- 

ing of the Capsule Bus TCM Subsystems, for flight capsule integration and functional 

testing at the CB contractor's facility and for contingenci3s at KSC. 
5.7.2 Design Requirements and Constraints - The following functions are 
required of the Telecommunications SSTS: 

-". 

a. Provide simulated CB engineering analog and digital data to enable test- 

ing of the telemetry multiplexer. 
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b. 

C .  

d .  

e. 

f .  

g *  

h .  

Provide s imulated ESP 282 bps serial PCM d a t a  t o  enable  t e s t i n g  of t h e  

mul t ip l exe r  dur ing  s imulated e n t r y  and landing mission phases. 

Provide two UHF receivers f o r  r ece iv ing  t h e  FSK-modulated RF carriers 

from t h e  r a d i o  subsystem. 

Demodulate t h e  FSK s u b c a r r i e r  and provide a serial PCM (Manchester Code) 

b i t  stream of te lemet ry  d a t a .  

Provide decommutation of t h e  te lemet ry  d a t a  i n  simulated e n t r y ,  c r u i s e  

and i n- f l i g h t  checkout modes a t  d a t a  rates vary ing  from 7.0 bps t o  2730 

bps. 

Provide a c a p a b i l i t y  f o r  d i sp l ay ing  s e l e c t a b l e  te lemet ry  channels  f o r  

"quick look" a n a l y s i s .  

Provide t h e  c a p a b i l i t y  t o  record on a magnetic t ape  t h e  two FSK te lemet ry  

s u b c a r r i e r s .  

I n t e r f a c e  wi th  a n  automatic  processor  f o r  test  sequence con t ro l .  

The equipment t h a t  accep t s  e x t e r n a l  c o n t r o l  i n  t h i s  mode are: 

1. Telemetry Con t ro l l e r  7 .  TM d a t a  s e l e c t o r  

2 .  DVM input  s e l e c t o r  8. Display u n i t  

3. Counter input  s e l e c t o r  9. CB mode c o n t r o l  

4 .  P r i n t e r  input  s e l e c t o r  10. CB TM genera tor  

5 .  FSK d a t a  s e l e c t o r  11. ESP TM genera tor  

6.  Magnetic t a p e  recorder  

5.7.3 .Phys ica l  Descr ip t ion  - The CB TCM SSTS i s  housed i n  seven s tandard 

e l e c t r o n i c  equipment cab ine t s  as shown i n  F igure  5.7-1. The t o t a l  weight of t h e  

test set is  approximately 2350 pounds. AC power consumption is  approximately 

5200 w a t t s .  

5.7.4 

o r  computer con t ro l l ed  checkout of t h e  combined TCM subsystems. 

a l s o  provides manual checkout of t he  ind iv idua l  TCM subsystems and t h e i r  elements.  

A func t iona l  block of t he  SSTS i s  shown i n  F igure  5.7-2. 

Operat ional  Descr ip t ion  - The CB TCM Subsystem T e s t  Se t  provides manual 

This  equipment 

I n  t he  automatic  mode, t h e  automatic  processor  provides i n s t r u c t i o n s  from t h e  

t e s t  program, r eads  addresses  and r o u t e s  t h e  i n s t r u c t i o n s  t o  t h e  proper po r t ion  

of t h e  test set f o r  execut ion.  The processor  a l s o  selects t h e  source of da t a  f o r  

e x t e r n a l  logging and processiqg.  

counter  o r  te lemet ry  processing equipment. 

which are c o n t r o l l a b l e  by t h e  automatic  processor  are a l s o  capable of manual 

con t ro l .  

Data i s  a v a i l a b l e  from t h e  d i g i t a l  vo l tmeter ,  

All por t ions  of t h e  test equipment 
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TELECOMMUNICATIONS SUBSYSTEMS TEST SET 
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The CB mode c o n t r o l  pane l  supp l i e s  t h e  power and c o n t r o l  s t i m u l i  necessary  

t o  e x e r c i s e  t h e  combined subsystems i n  a l l  of t h e i r  ope ra t iona l  modes. 

The te lemet ry  d a t a  gene ra to r s  provide simulated d a t a  as i n p u t s  t o  t h e  CB 

te lemet ry  subsystem. 

i n p u t s ;  t h e  ESP TM genera tor  provides d i g i t a l  d a t a  a t  282 bps as  a d i g i t a l  input  

t o  be mult iplexed by t h e  CB TM subsystem. 

The CB TM genera tor  provides analog i n p u t s  and d i g i t a l  

All ou tpu t s  from t h e  combined subsystem are routed t o  a pa t ch  panel  f o r  d i s-  

t r i b u t i o n  t o  t h e  test equipment. Each RF output  from t h e  Radio Subsystem i s  

routed t o  an  RF power meter, t h e  counter  i npu t  s e l e c t o r ,  pa tch  panel ,  and a test 

r e c e i v e r .  

and s u p p l i e s  t h e  PCM serial d a t a  t o  t h e  TM d a t a  s e l e c t o r .  This  u n i t  selects 

t h e  i n- f l i g h t  checkout d a t a ,  CB c r u i s e  d a t a ,  o r  t h e  TM d a t a  t o  be processed,  

d i sp layed ,  and recorded. The d a t a  d i s t r i b u t o r  and d i s p l a y  panel  provide f o r  

s e r i a l- t o- p a r a l l e l  conversion and d i s p l a y  of up t o  32 s e l e c t a b l e  d a t a  words. 

The TM s i g n a l  condi t ioner  d e t e c t s  t h e  FSK s i g n a l  from t h e  r e c e i v e r  

The tes t  receivers are designed t o  perform t h e  fol lowing func t ions :  

a.  

b. Provide a baseband output  f o r  te lemet ry  demodulation. 

c .  Provide f o r  monitoring of t h e  received s i g n a l .  

d .  Provide f o r  monitoring test receiver opera t ion .  

Two test  r e c e i v e r s  are provided t o  f a c i l i t a t e  simultaneous recording of both 

Simulate spacecraf t- to- capsule  l i n k  space l o s s .  

d i v e r s i t y  FSK s i g n a l s  on a mult ichannel  magnetic t ape  recorder .  

i s  a l s o  provided t o  record t h e  decommutated PCM serial  d a t a .  

The c a p a b i l i t y  

The te lemet ry  processing p o r t i o n  of t h e  SSTS c o n s i s t s  of t h e  fol lowing:  

a. Con t ro l l e r  

b. S igna l  s imula tor  

c. S igna l  condi t ioner  

d. Frame synchronizer  

e. Data d i s t r i b u t o r  

f .  Subframe synchronizers  

The c o n t r o l l e r  is  manually o r  au tomat ica l ly  con t ro l l ed .  This  u n i t  auto-  

m a t i c a l l y  sets up t h e  proper b i t  rate,  i npu t  code, p o l a r i t y ,  d e t e c t o r  type,  phase 

locked loop width,  cap tu re  and t r ack ing  range and output  code of t h e  TM s i g n a l  

s imula tor ,  t h e  TM frame and subframe synchronizers ,  t h e  d a t a  d i s t r i b u t o r ,  and t h e  

TM s i g n a l  condi t ioner  (demodulator). During the  manual opera t ing  mode, and i n  

t e s t i n g  t h e  i n d i v i d u a l  TCM subsystem, the  parameters are s e l e c t e d  by manual 

switches on the  equipment f r o n t  pane ls .  
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The DVM inpu t  s e l e c t o r ,  counter  input  s e l e c t o r  and p r i n t e r  i npu t  s e l e c t o r  

provide manual o r  automatic  c o n t r o l  of t h e  d a t a  being suppl ied t o  t h e  r e s p e c t i v e  

u n i t s .  I n  t h e  case of t h e  DVM and counter ,  t h e  range and func t ion  are a l s o  

con t ro l l ed  by t h e  inpu t  s e l e c t o r s .  

mutated te lemet ry  d a t a  dur ing  s imulated c r u i s e ,  i n- f l i g h t  checkout,  de- orbi t  

c r u i s e ,  de- orbi t  t h r u s t ,  e n t r y ,  and te rmina l  descent  modes. Data from t h e  DVM 

and counter  are recorded on punched paper t a p e  and t h e  t e l e p r i n t e r .  

ing i s  i n  real  t i m e .  

The magnetic t a p e  recorder  r eco rds  decom- 

Data record-  

Provis ions  are made f o r  automatic  o r  manual self- check of t h e  OSE. S e l f -  

checks are performed without  test i n t e r r u p t i o n .  

s e l e c t o r s  con ta in  c a l i b r a t e d  input  p o s i t i o n s .  

automatic  processor  a t  t h e  instrument  output ,  by p r i n t o u t  on t h e  p r i n t e r ,  and 

a l s o  by v i s u a l  readout .  The te lemet ry  processing equipment can be checked by 

s e t t i n g  known inpu t s  i n t o  t h e  TM s imula tor  and by checking t h e  output  on t h e  

p r i n t e r  and/or  d i s p l a y  u n i t  o r  t h e  subframe synchronizer  output .  

The DVM and counter  input  

C a l i b r a t i o n  can be v e r i f i e d  by t h e  

A c o n t r o l  and monitor panel  is  provided f o r  each subsystem f o r  c o n t r o l l i n g  

and rou t ing  power and test s t i m u l i  t o  t h e  subsystem under t e s t .  

subsystem are made t o  both f l i g h t  and d i r e c t  access  connectors.  

monitored by proper con f igu ra t ion  of t h e  te lemet ry  processing equipment and RF 

monitoring equipment. The t e s t  requirements of t h e  TCM subsystem are l i s t e d  i n  

F igures  5.7-3, - 4,  -5 and -6. 

5.7.5 

Inpu t s  t o  t h e  

The outputs  are 

I n t e r f a c e s  - The SSTS i n t e f a c e s  wi th  t h e  TCM subsystems as follows: 
a. Ind iv idua l  Subsystem Tes t ing  - I n t e r f a c e s  are made a t  both f l i g h t  and 

d i r e c t  access  connectors .  The SSTS supp l i e s  a l l  s t i m u l i  and monitors 

responses.  S e e  F igure  5.7-7. 

Combined Subsystem Tes t ing  - I n t e r f a c e s  are made a t  d i r e c t  access 

connectors  and a t  f l i g h t  connectors  t h a t  i n t e r f a c e  wi th  o the r  subsystems. 

S t imu l i  are simulated TCM d a t a  and commands. 

monitoring d i r e c t  access  func t ions  and te lemet ry  d a t a  t r a i n .  The i n t e r -  

faces  are shown i n  Figure 5.7-8. 

b. 

Responses are checked by 
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TELEMETRY SUBSYSTEMS TEST REQUIREMENTS 

TESTS 

Cruise  Commutators: 

Power Supply Voltage 

Power Supply Current  

Input  Clock 

Commutation Sequence 

Inpu t  Analog S i g n a l s  

Spurious Outputs 

Data Output 

ADC/Multiplexer: 

Power Supply Voltage 

Power Supply Current 

Input  Voltage 

Conversion Accuracy 

Operat ional  Sequences 

D i g i t a l  M i l t i p l e x e r :  

CB/ESP Data Interleaver 

Power Supply Voltage 

Power Supply Current 

Input  Data 

Output Data 

I n t e r l e a v i n g  Operation 

FT/DT Data I n t e r l e a v e r :  

Power Supply Voltage 

Power Supply Current  

Input  Data 

Output Data 

I n t e r l e a v i n g  Operation 

Clock Generator: 

Power Supply Voltage 

Power Supply Current  

Reference O s c i l l a t o r  

Output Clock S i g n a l s  

- MEASURING INSTRUMENT 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

Scope/TM Signa l  Simulator 

TM Processing Equipment 

D i g i t a l  Voltmeter 

Osci l loscope 

TM Process ing Equipment 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

TM Processing Equipment 

TM Process ing Equipment 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

Scope/TM Signa l  Simulator 

Scope/TM Processing Equipment 

TM Process ing Equipment 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

Scope/TM Signa l  Simulator 

Scope/TM Processing Equipment 

Scope/TM Processing Equipment 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

Counter 

Scope/Counter/TM Process ing 
Equipment 

ACCURACY 

3% 

3% 

D i g i t a l  

D i g i t a l  

1% 

0.1% 

1% 

3% 

3% 

1% 

1% 

Dig i t a l  

3% 

3% 

Dig i t a l  

D i g i t a l  

D i g i t a l  

3% 

3% 

5% D i g i t a l  

5% D i g i t a l  

5% D i g i t a l  

3% 

3% 

D i g i t a l  

D i g i t a l  

Figure 5.7-3 
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RADIO SUBSYSTEM TEST REQUIREMEMENTS 

TEST 

RF Power Output 

Power Amplif ier  C o l l e c t o r  Current  

Power Supply Voltage 

DC Current  Drain 

Case Temperature A 

Case Temperature B 

Modulation Input  

Spurious Output 

Transmit ter  No .  1 Frequency 

Transmit ter  No. 2 Frequency 

AGC Voltage 

Detected RF Output 

RF Power S t a b i l i t y  

Frequency S t a b i l i t y  

vSWR Monitor 

MEASURING INSTRUMENT 

PWR Meter 

DVM 

DVM 

DVM 
DVM 

DVM 

Scope/TM Processing Equip- 
ment 

Spectrum Analyzer 

Counter 

Counter 

DVM 

DVM 

PWR Meter 

C oun t er 

DVM 

ACCURACY 

0.2 db 

2% 

0.1% 

2% 

2% 

2% 

5% 

1 ab 

1 x 

1 x 

2% 

0.5 db 

0.2 db 

1 x lo-% 
2% 

Figure 5.7-4 
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DATA STORAGE SUBSYSTEM TEST REQUIREMENTS 

rEST 
Entry Data Storage  

Power Supply Voltage 

Power Supply Current  

Input  Data 

Memory Operation 

Memory Control  S igna l s  

Output Data (50 sec delay)  

Output Data (150 sec delay)  

T U C T  

MEASURING INSTRUMENT 

COMMAND SUBSYSTEM TEST REQUIREMENTS 

Power Supply Voltage 

Input  Command Data Word 

P a r i t y  

Decoded Command 

B i t  Sync 

Command Event 

DVM 

DVM 
Scope/TM Processing Equip- 
ment 

Scope/TM Processing Equip- 
ment 

Scope/TM Process ing Equip- 
ment 

Scope/TM Process ing Equip- 
ment 

Scope/TM Process ing Equip- 

ment 

MEASURING INSTRUMENT 

D i g i t a l  Voltmeter 

Scope/TM Signa l  Simulator 

D i g i t a l  Voltmeter 

Scope/TM Process ing Equip- 
men t 

Scope/TM Processing Equip- 
men t 

Scope/TM Process ing Equip- 
men t 

ACCURACY 

3% 

3% 

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

Figure 5.7-5 

ACCURACY 

3% 
-- 

D i g i t a l  

3% 

D i g i t a l  

D i g i t a l  

D i g i t a l  

Figure 5.7-6 
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TCM SSTS INTERFACE (COMPONENT TESTING) 

CB TCM SSTS 

Simulated Data 

Data Storage 
Su bsystem 

Control and Monitor 

Panel 

Data 
Storage 

Subsystem 

Direct Access Monitors 

Telemetry 

Subsystem ’ 

Control and Monitor 
Panel 

Control and Monitor 

Command 
Subsystem 

Control and Monitor 
Panel Command 

I I 

Figure 5.7-7 
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TCM SSTS INTERFACE (SUBSYSTEMS TESTING) 

CAPSULE BUS 

TCM SSTS 

Power 

Telemetry 
Subsystem 

\ RF Output I 

+-- 

I I 
Direct Access Monitors 

b Radio 
Subsystem t 

\ 
\ 
\ 
\ 
\ 

Command 
Subsystem 

Simulated Command Do 

+ 

Simulated Command Do 

+ 

Figure 5.7-8 
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5.8 THERMAL CONTROL SUBSYSTEM TEST SET 

5.8.1 
the Capsule Bus Thermal Control Subsystem during the following test phases: 

Equipment Identification and Usage - This equipment is used to test 
a. At the contractor's facility for functional checkout of the Thermal Control 

Subs ys t em. 

Subsystem-level testing during major module buildup at the Capsule Bus 
contractor's facility. 

b. 

c. For contingency support at KSC. 

5.8.2 Physical Characteristics - The SSTS consists of two units: the Thermal/ 

Electrical Test Set and the Emissivity/Reflectivity Test Set. 
Test Set is contained in one standard electronic equipment cabinet and weighs 

approximately 500 pounds. 

mobile cabinet (caster mounted) and weighs about 230 pounds. 
illustrated in Figure 5.8-1. 
5.8.3 Operational Description 

5.8.3.1 

system consists of thermostatically-controlled electric heaters in combination 

with blankets of insulating material and special thermal coatings on selected 

The Thermal/Electrical 

The Emissivity/Reflectivity Test Set is contained in a 

The two tests sets are 

The Thermal/Electrical Test Set - The Capsule Thermal Control Sub- 

surf aces. 

The selected means of testing the thermostatically-controlled heaters consists 
of thermally cycling the flight temperature-sensing elements (thermocouples) and 

measuring the input power and/or the electrical resistance of the subsystem 

heater elements. 
The temperature cycling of the thermocouples is accomplished by means of 

heat probes which are mounted adjacent to the thermocouples. 

thermoelectric device, electrically driven to produce a lower or higher temperature 

than the set point temperature of the control system associated with the sensing 

thermocouple. 

each of the associated control circuits which operate the subsystem heater power 
ON and OFF switches. 

The heat probe is a 

This provides remote operation of each sensing thermocouple and 

A block diagram of the Thermal Control Subsystem Test Set is shown in 

Figure 5.8-2. 

Self-test features are included in the test equipment. 

switches provide a means of connecting these control and measuring instruments 

to the various heat probes and heater circuits of the CB. 

tain protective sensors for overvoltage and excessive temperatures. 

Controls are provided for varying the temperature of the heat probes. 
The circuit selector 

Critical circuits con- 
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THERMAL CONTROL 
SUBSYSTEM TEST SET 

Thermal/Electrical Test Set 

Emissivity Reflectivity 

Detector Detector 

l- Storage 

Ernissivity/Reflectivity 
Test Set 

.Figure 5.8-1 
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THERMAL CONTROL SSTS FUNCTIONAL BLOCK DIAGRAM 

Resistance 
+ Meosuring I Instruments- I 

Figure 5.8-2 

THERMAL CONTROL SSTS. INTERFACE 

I I 

Figure 5.8-3 
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5.8.3.2 

the  s p e c i a l l y  coated su r f aces  i s  t o  measure t h e i r  e m i s s i v i t y  and r e f l e c t i v i t y .  

These measurements are made wi th  hand-held d e t e c t o r s  t h a t  i n t e r f a c e  d i r e c t l y  w i th  

The Emissivity/Reflectivity T e s t  Se t  - The s e l e c t e d  means of  t e s t i n g  

the  s u r f a c e  under test.  The emis s iv i ty  d e t e c t o r  measures t h e  emit tance of an 

opaque s u r f a c e  a t  room temperature.  The d e t e c t o r  is  composed of a radiometer and 

a h e a t  source f o r  t h e  s u r f a c e  t o  be  measured and is  connected t o  t h e  main cab ine t  

wi th  a f l e x i b l e  conduit .  

has an output  p ropor t iona l  t o  t h e  i n f r a r e d  emit tance of t h e  sur face .  

i s  ind ica t ed  on a se l f- balanc ing  potent iometer  i n  t h e  cabine t .  

When t h e  radiometer opening is covered, the d e t e c t o r  

This  ou tput  

The r e f l e c t i v i t y  d e t e c t o r  head measures t h e  r e f l e c t a n c e  of an  opaque s u r f a c e  

a t  room temperature.  

f i l t e r e d  and d i r e c t e d  i n t o  an  i n t e g r a t i n g  sphere.  When t h i s  r a d i a t i o n  is d i r e c t e d  

onto a s u r f a c e  placed over  t h e  sample p o r t ,  t h e  sphere  d e t e c t o r  has  an output  pro- 

p o r t i o n a l  t o  t h e  amount of r e f l e c t e d  r a d i a t i o n .  

ing potent iometer  i n  t h e  cabine t .  Spec ia l  su r f aces  are suppl ied  f o r  s e l f - t e s t  and 

c a l i b r a t i o n  of t h e  se t .  

5.8.4 I n t e r f a c e s  Def in i t i ons  - The Thermal /Elec t r ica l  T e s t  S e t  makes electr ical  

connection t o  t h e  CB Thermal Control  Subsystem through the  OSE connectors.  I n t e r-  

face  connectors  are summarized i n  Figure 5.8-3. The Emiss iv i ty /Ref l ec t iv i ty  T e s t  

S e t  d e t e c t o r  heads are phys i ca l ly  placed on t h e  tnermally coated s u r f a c e  f o r  both 

r a d i a t i o n  and r e f l e c t i o n  measurements. 

5.9 PYROTECHNIC SUBSYSTEM TEST SET 

5.9.1 

t o  perform equipment func t iona l  checks (EFC) a t  t he  Capsule Bus c o n t r a c t o r ' s  p l a n t  

p r i o r  t o  t h e  Pyrotechnic Subsystem's i n s t a l l a t i o n  i n t o  t h e  Capsule Bus and t o  pro- 

v ide  d i r e c t  subsystem c o n t r o l  and monitoring via the  subsystem OSE test connectors 

during major module i n t e g r a t i o n  tests (phase lA and 1B). 

i .e . ,  Electro-Explosive Device (EED) s imula tors  and test  b a t t e r i e s ,  are used f o r  

s imulated mission tests (Phase 11) i n  t h e  Class 100 c l ean  room, and i n  t h e  

environmental chamber. Pyrotechnic subsystem test  equipment i s  requi red  a t  KSC 

i n d u s t r i a l  area and explosive- safe f a c i l i t y .  

5.9.2 Desipn Requirements 

The d e t e c t o r  provides r a d i a t i o n  from a xenon lamp which is  

This output  i s  read  by t h e  ind ica t-  

I d e n t i f i c a t i o n  and Usape - The Pyrotechnic Subsystem T e s t  Se t  i s  used 

Elements of t h e  test se t ,  

The Pyrotechnic Subsystem T e s t  Se t  requirements are as fol lows:  

PDA/EFC Level: 

a. Simulate sequencer commands 

b. 

c. Monitor b i l e v e l  ou tput  s i g n a l s  and s imula tes  loads  

Simulate CB power and pyro b a t t e r y  power 
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d. 

e. Monitor TM output  s i g n a l s .  

f .  

g. 

Measure c o n t i n u i t y  of s h i e l d s  and grounds. 

Measure r e s i s t a n c e  of f i r i n g  c i r c u i t s  and c u r r e n t  l i m i t i n g  r e s i s t o r s .  

Determine t h e  a b i l i t y  t o  a l l - f i r e / n o - f i r e  EED's. 

I n s t a l l e d  subsystem- level: 

a. Measure s t r a y  vol tages .  

b. 

c. 

d. 

e. 

f .  

g. Simulate  pyro b a t t e r y  power. 

h. 

Measure EED br idge  w i r e  r e s i s t a n c e  via the  OSE test  connectors.  

Measure con t inu i ty  of s h i e l d s  and grounds. 

Measure r e s i s t a n c e  of f i r i n g  c i r c u i t s  and c u r r e n t  l i m i t i n g  r e s i s t o r s .  

Monitor charge, arm and f i r e  c i r c u i t r y  via t h e  OSE test connectors.  

Determine t h e  a b i l i t y  t o  a l l - f i r e / n o - f i r e  EED's.  

Provide pyro test b a t t e r i s  and suppor t  equipment f o r  t he  maintenance and 

u s e  of t h e  b a t t e r i e s .  

5 . 9 . 3  Phys ica l  C h a r a c t e r i s t i c s  - The Pyro Subsystem T e s t  S e t  arrangement i s  

The test  set i s  cons t ruc ted  t o  be  e a s i l y  disconnected and shown i n  F igure  5.9-1. 

connected i n t o  t h e  test complex cabl ing ,  f a c i l i t a t i n g  mobi l i ty .  The design f e a t u r e s  

growth provisioning,  s a f e t y  i n t e r l o c k s ,  f a u l t  i s o l a t i o n  test p o i n t s  and plug- in 

components t o  implement human engineering f a c t o r s  and m a i n t a i n a b i l i t y  concepts. 

The rack  i s  caster mounted. 

5.9.4 Operating Descr ip t ion  - The Pyro Subsystem T e s t  Se t  block diagram i s  

shown i n  F igure  5.9-1 and i d e n t i f i e s  t h e  major func t ioning  elements of t h e  test  

set  as follows: 

a. Voltmeter: The vol tmeter  is  used t o  measure EED c o n t r o l  module output  

f i r i n g  vo l t age  levels, vo l t age  s i g n a l s  a s soc i a t ed  wi th  t h e  OSE test  con- 

nec to r  and s t r a y  vo l t age  a t  t he  pyrotechnic connectors  l oca t ed  i n  t h e  

f l i g h t  subassemblies.  

DC-to-radio f requencies ,  an i n p u t  r e s i s t a n c e  of approximately 1,000 ohms 

and ranges of 5 m i l l i v o l t s  t o  50 v o l t s .  

The vol tmeter  has  a measuring frequency range of 

b. Ohmmeter: The ohmmeter i s  used t o  measure EED b r idge  w i r e  (BW) r e s i s t a n c e ,  

(approximately one ohm), s h i e l d  and ground con t inu i ty ,  and r e s i s t a n c e  of 

t h e  series cur ren t- l imi t ing  r e s i s t o r s .  The ohmmeter uses  a low cur ren t-  

l i m i t i n g  c i r c u i t  f o r  measurement of BW r e s i s t a n c e .  The ohmmeter is  a l s o  

used t o  determine i f  EED s imula tors  have f i r e d  during assurance  tests by 

reading BW c losed  o r  open c i r c u i t  r e s i s t ance .  
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C. 

d. 

e. 

f .  

g* 

h. 

CB Pyro Battery Power: 

la te  CB and pyro b a t t e r y  power f o r  performance margin t e s t i n g .  

Controls ,  I n d i c a t o r s  & Signa l  D i s t r ibu t ion :  Cont ro l  pane l  t ogg le  and 

push bu t ton  switches provide f o r  s imula t ion  of sequencer commands t o  t h e  

EED c o n t r o l  modules and f o r  a c t u a t i o n  of t h e  ARMYCHARGE and f i r e  r e l a y s .  

I n d i c a t o r  lamps, i n  conjunct ion wi th  EED s imulated loads  are used t o  

monitor t h e  b i l e v e l  ou tput  s i g n a l s .  The r o u t i n g  of i npu t lou tpu t  s i g n a l s  

t o  t h e  test set instruments  are provided f o r  by a pa tch  panel- signal  

d i s t r i b u t i o n  u n i t .  

connect t h e  EED c o n t r o l  modules d i r e c t l y  i n t o  t h e  test set  f o r  EFC test- 

ing .  Extension cab le s  are provided f o r  connecting t h e  test set t o  t h e  

i n s t a l l e d  EED c o n t r o l  modules, OSE test  connectors  and t o  t h e  pyrotechnic 

Variable- voltage power s u p p l i e s  are used t o  simu- 

The adap te r  u n i t  shown i n  F igure  5.9-1 i s  used t o  

connectors  l oca t ed  i n  t h e  f l i g h t  assemblies ,  

Event Recorder: The event  c h a r t  recorder  i s  

p l o t s  of b i l e v e l  TM s i g n a l s ,  r e l a y  s t a t u s ,  

f o r  t h e  i n s t a l l e d  subsystem l e v e l  tests. 

T e s t  Batteries: T e s t  b a t t e r i e s  are provided 

used t o  provide t i m e  l i n e  

and pyro f i r i n g  s i g n a l s  

t o  s imula te  t h e  f l i g h t  pyro 

au to- act iva ted  b a t t e r i e s  f o r  s imulated mission tests. 

Squib Simulators:  High Energy Squib Simulators (HESS) and Low Energy 

Squib Simulators (LESS) are i n s t a l l e d  d i r e c t l y  i n t o  t h e  f l i g h t  pyro 

connectors f o r  use i n  system assurance and s imulated mission tests f o r  

determining t h e  subsystem's a b i l i t y  t o  f i r e  a h igh  energy EED and n o t  t o  

f i r e  a Low Energy EED under RF Radiat ion condi t ions .  

t h e s e  devices  does n o t  r e s u l t  i n  t h e  d ischarge  of contaminants. 

LESS devices  act as f u s e s ,  i .e . ,  blow a t  a given energy level and pro- 

v ide  a v i s u a l  i n d i c a t i o n  of t he  b r idge  w i r e  s t a t u s .  

Analog Recorder: 

f i r i n g  c u r r e n t  ou tput  s i g n a l s .  

through t ransformer a c t i o n  as a r e s u l t  of f i r i n g  cu r r en t .  

t ransformers  are i n t e g r a l  t o  t h e  EED c o n t r o l  module.) 

t h e s e  s i g n a l s  is  provided by comparison of t he  TM output  amplitudes wi th  

measured f i r i n g  cu r ren t .  

The a c t i v a t i o n  of 

HESS and 

The analog c h a r t  recorder  is  used t o  measure t h e  TM 

These s i g n a l s  are vo l t age  pulses  obta ined  

(The c u r r e n t  

Ca l ib ra t ion  of 

5.9.5 

system and t h e  pyro subsystem test set is shown i n  F igure  5.9-2. 

I n t e r f a c e  Def in i t i on  - The func t iona l  i n t e r f a c e s  between t h e  pyro sub- 
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5.9.6 

and CB t e s t i n g  wi th  pyrotechnics  (EED's) w i l l  be  i n  accordance wi th  t h e  Capsule 

B u s  c o n t r a c t o r ' s  s a f e t y  plan.  

ing  plugs are i n s t a l l e d  t o  prevent  a c c i d e n t a l  f i r i n g .  

5.10 PROPULSION SUBSYSTEM TEST SET 

5.10.1 

t o  perform equipment func t iona l  tests, subsystems- level and system- level tests on 

t h e  Terminal Propulsion Subsystem (TPS) and Reaction Control  Subsystem (RCS) 

a t  t h e  CB c o n t r a c t o r ' s  f ac to ry ,  and t o  perform system- level tests at  KSC. 

a d d i t i o n  t h e  equipment is used f o r  leakage t e s t i n g  of t h e  Canister, TPS and RCS. 

5.10.2 

func t iona l  requirements are as follows: 

Sa fe ty  Considerat ions - The handling and i n s t a l l a t i o n  of pyro technics  

Whenever l i ve  pyro technics  are i n s t a l l e d ,  pyro sho r t-  

I d e n t i f i c a t i o n  and Usage - The Propulsion Subsystem T e s t  S e t  is  used 

I n  

Design Requirements and Cons t ra in ts  - The Propulsion Subsystem T e s t  Se t  

a. Measuring i n t e r n a l  and e x t e r n a l  gaseous leakage of  a l l  elements a t  t h e  

equipment f u n c t i o n a l  test level. 

b. Checking f u n c t i o n a l  ope ra t ion  of p re s su re  t ransducers ,  temperature t r ans-  

ducers,  p re s su re  r e g u l a t o r s ,  check valves, r e l i e f  valves and t h r u s t  chamber 

assemblies  a t  t h e  equipment f u n c t i o n a l  check test level. 

c. Ca l ib ra t ing  p re s su re  t ransducers ,  temperature t ransducers ,  and t h r u s t  

chamber assembly servo- actuator  p o s i t i o n  i n d i c a t o r s  a t  t h e  equipment func- 

t i o n a l  check, subsystem and system test l e v e l s .  

Measuring e x t e r n a l  leakage of t h e  assembled subsystems. d. 

e. Funct iona l ly  t e s t i n g  p re s su re  r egu la to r s ,  check valves, r e l i e f  valves and 

t h r u s t  chamber assemblies  i n  t h e  assembled subsystem using the  OSE test 

connectors.  

5.10.3 Phys ica l  C h a r a c t e r i s t i c s  - Phys ica l  c h a r a c t e r i s t i c s  of t h e  propulsion 

subsystem test equipment are as fol lows:  

Propulsion Subsystem T e s t  Console - The console  is mobile (caster mounted) 

and self-contained,consisting of 2 s e p a r a t e  func t iona l  u n i t s  (pneumatic and 

electrical). The pneumatic u n i t  (contained i n  2 cab ine t s )  c o n s i s t s  of 

pressure  gages, p re s su re  r e g u l a t o r s ,  flow meters and hand valves f o r  con- 

t r o l l i n g  and monitor ing f l u i d  test func t ions .  

testers and l e a k  test  enc losures  are provided t o  supplement t h e  pneumatic 

s ec t ion .  The e l e c t r i c a l  bay (contained i n  3 cab ine t s )  c o n s i s t s  of  a power 

supply,  programmer, s t r i p  recorder ,  analog d i sp l ays ,  d i s c r e t e  d i sp l ays ,  

events  i n d i c a t o r s  and switches f o r  c o n t r o l l i n g  and monitoring e l e c t r o n i c /  

electrical test func t ions .  Storage space  f o r  t he  "bubbler" testers , test 

Por t ab le  "bubbler" l e a k  
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enclosures ,  cab le s ,  hoses and adap te r s  requi red  f o r  ope ra t ion  are provided i n  

t h e  u n i t .  The console  i s  shown i n  F igure  5.10.1. 

Helium Leakage Detec tor  - The u n i t  is mobile (caster mounted) and s e l f -  

contained.  The d e t e c t o r  c o n s i s t s  of a s tandard  helium m a s s  spectrometer  l e a k  

d e t e c t o r  (helium s n i f f e r )  d e t e c t o r  probe, vacuum pump, c a l i b r a t e d  l e a k s  and a 

vacuum pump cold t r ap .  S torage  space f o r  t h e  d e t e c t o r  probe, c a l i b r a t e d  l e a k s  and 

in te rconnect ing  hoses and c a b l e s  i s  provided i n  t h e  d e t e c t o r  cabine t .  

is  shown i n  F igure  5.10-2. 

5.10.4 Operat ional  Descr ip t ion  - Operation of  elements of t h e  propuls ion  

subsystem test  equipment, f u n c t i o n a l l y  shown i n  F igure  5.10-3, i s  as fol lows:  

The d e t e c t o r  

Propulsion Subsystem T e s t  Console - Component e x t e r n a l  leakage i s  measured 

by p re s su r i z ing  t h e  component wi th  gas  whi le  i n  t h e  leakage t e s t  enc losure  and 

measuring p re s su ran t  flow out  of t h e  enc losure  (component leakage)  wi th  a 

"bubble" leakage tester. 

t h e  component wi th  gas and measuring flow through t h e  u n i t  w i th  a "bubbler" leakage 

tester.  P re s su re  r e g u l a t o r  lock-up, c o n t r o l  range and response i s  t e s t e d  by varying 

and monitoring up-stream p res su re  while  measuring down stream pres su re  a t  zero 

flow through f u l l  flow. Rel ie f  valve cracking and reseat i s  checked by p re s su r i z-  

ing t h e  component and measuring t h e  p re s su re  a t  which t h e  va lve  opens and reseats. 

Flow measurements are made wi th  a "bubble" u n i t .  P re s su re  t ransducer  c a l i b r a t i o n  

is performed by supplying a v a r i a b l e  p re s su re  t o  t h e  component whi le  applying 

e lec t r ica l  e x c i t a t i o n  and measuring t h e  response on a meter. RCS t h r u s t  chamber 

(TCA) assemblies  are t e s t e d  f o r  flow and va lve  response. Flow i s  measured wi th  a 

flow meter by p re s su r i z ing  t h e  TCA wi th  isopropanol  o r  helium gas  and opening the  

va lve  e l e c t r i c a l l y .  

recording of t h e  cu r r en t  "s ignature" of t h e  va lve  c o i l .  

i n  a similar manner. 

ox id i ze r  and f u e l  valve c u r r e n t  s igna tu re s .  Fuel  mixture r a t i o  and t h r o t t l i n g  

i s  t e s t e d  by p r e s s u r i z i n g  t h e  f u e l  flow c o n t r o l  valve wi th  isopropanol  and t h e  oxi- 

d i z e r . f l o w  c o n t r o l  va lve  wi th  f r eon  MF and measuring flow through both loops. 

A t  t h e  same t i m e ,  t h r o t t l e  va lve  servo a c t u a t o r  p o s i t i o n  ins t rumenta t ion  c a l i b r a-  

t i o n  i s  checked a g a i n s t  t h r u s t  level by c o r r e l a t i n g  flow rate t o  t h r u s t  level. 

Component i n t e r n a l  leakage i s  obtained by p re s su r i z ing  

Valve response is  determined by a high speed osc i l l og raph  

TPS TCA's  are t e s t e d  

Valve s imu l t ane i ty  i s  checked by p a r a l l e l  recording of both 

-. Helium Leakage Detector  - Subsystem e x t e r n a l  leakage i s  measured by p re s su r i z-  

ing t h e  subsystem wi th  helium and searching  t h e  plumbing and components f o r  leakage 

wi th  the  hand he ld  helium d e t e c t o r  probe. 

o t h e r  low leakage brazed and welded systems. 

This  method has proven succes s fu l  on 

Canis te r  leakage rate i s  obtained 
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Figure 5.10-2 
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by p re s su r i z ing  the canister i n t e r i o r  wh i l e  i n  i ts  shipping con ta ine r  and measur- 

ing  t h e  r ise of helium concent ra t ion  i n  t h e  conta iner .  

5.10.5 Performance C h a r a c t e r i s t i c s  - The fol lowing is app l i cab le  t o  t h e  

design and func t ion  of t h e  equipment: 

o Fau l t  i s o l a t i o n  t o  t h e  lowest r ep l aceab le  p a r t ,  component o r  module. 

o Detec t ion  of leakage rates g r e a t e r  than  5.0 x 10 

o 

o 

5.10.6 I n t e r f a c e  Def in i t i on  - The fol lowing i n t e r f a c e s  are requi red  i n  

a d d i t i o n  t o  t h e  f l i g h t  subsystem test connectors  and f i t t i n g s :  

-5 sec/sec. 

Measuring a l l  func t ions  t o  5 1% of nominal value.  

I n d i c a t i n g  valve response and simultaneLty t o  5 5 mi l l i seconds .  

Propulsion Subsystem T e s t  Console - I n t e r f a c e s  wi th  f a c i l i t y  power, GHe 

P r e s s u r i z a t i o n  Unit ,  f r eon  MF and isopropanol  supply u n i t s .  

~- Helium Leakage Detector  - I n t e r f a c e s  wi th  f a c i l i t y  power, GHe P r e s s u r i z a t i o n  

Unit and t h e  Canis te r  P r e s s u r i z a t i o n  Unit.  

5.11 

s e l e c t e d  t o  provide automatic  tes t  sequencing and monitoring f o r  subsystem test 

sets i s  provided i n  t h i s  paragraph. 

5.11.1 

measurement and d a t a  recording i s  provided f o r  s e l e c t e d  subsystem tes t  sets by 

t h e  automatic  processor  - a small, r ack  mounted, gene ra l  purpose d i g i t a l  computer 

and i t s  p e r i p h e r a l  equipment. Incorpora t ing  automatic  test and checkout f e a t u r e s  

i n  s e l e c t e d  SSTS r e s u l t s  i n  test schedule f l e x i b i l i t y ,  independent and/or  simul- 

taneous test set  ope ra t ion ,  minimum f l i g h t  equipment opera t ing  t i m e  f o r  tests  and 

operator- induced e r r o r s ,  and maximum t e s t  r e p e a t a b i l i t y .  These f a c t o r s  c o n t r i b u t e  

s i g n i f i c a n t l y  t o  t h e  p r o b a b i l i t y  of mission success  of t h e  f l i g h t  subsystems by 

providing accu ra t e ,  thorough and c o n s i s t e n t  tes t  da t a .  The automatic  processor  

s e l ec t ed  i s  i d e n t i c a l  i n  each test set t o  s imp l i fy  programming, opera t ion ,  main- 

tenance and minimize t o t a l  c o s t s .  

5.11.2 
d a t a  i s  of prime importance i n  t h e  Capsule Bus program due t o  t h e  l o s s  of d i r e c t  

a c c e s s i b i l i t y  t o  t h e  f l i g h t  equipment a f t e r  t h e  s t e r i l i z a t i o n  c a n i s t e r  has  been 

i n s t a l l e d .  A s  a r e s u l t ,  i t  is  imperat ive t h a t  an adequate d a t a  bank o r  l og  be 

e s t ab l i shed  which can be  used during test  opera t ions  f o r  opera t ing ,  anomaly, t rend ,  

and f a i l u r e  ana lyses  and t o  assist i n  decision-making dur ing  systems tests through 

launch. To be meaningful f o r  a n a l y s i s ,  t h e  d a t a  must be accu ra t e ,  cons i s t en t  

( t e s t  r e p e a t a b i l i t y ) ,  adequate  i n  amount and depth,and must be a v a i l a b l e  i n  

AUTOMATIC PROCESSOR - A b r i e f  d e s c r i p t i o n  of t h e  automatic  processor  

Equipment I d e n t i f i c a t i o n  and Usage - Automatic tes t  sequencing c o n t r o l ,  

Design Requirements and Cons t ra in ts  - The q u a l i t y  of subsystem test  
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useable  format.  These requirements , including c o s t s ,  are summarized i n  t h e  t r a d e  

s tudy of Sec t ion  9 which i n d i c a t e s  t h a t  t h e  optimum s o l u t i o n  i s  tes t  automation by 

incorpora t ion  of an  automatic  processor  i n  s e l e c t e d  test  sets. 

I n  add i t i on ,  t h e  fol lowing ope ra t iona l  c o n s t r a i n t s  are adequately provided 

f o r  wi th  t h e  implementation of t h e  s e l e c t e d  SSTS automation approach. 

The SSTS i s  capable  o f :  

o i n t e r f a c i n g  wi th  a gene ra l  purpose d i g i t a l  computer f o r  test  sequence 

c o n t r o l ,  d a t a  ga the r ing ,  and d i sp l ay .  The ind iv idua l  SSTS automatic  

processor  performs t h e  d e t a i l  tes t  rou t ines ,  f a u l t  i s o l a t i o n  sub- routines,  

and d a t a  ga ther ing .  

i n  a "satellite" mode under t h e  d i r e c t i o n  of a c e n t r a l  computer, wi th  a 

s i g n i f i c a n t  reduct ion  i n  t h e  programming complexity and memory capac i ty  

of t h e  c e n t r a l  computer. 

performing a l l  tests  accu ra t e ly ,  exped i t i ous ly  and repea tab ly .  

providing s e l f - t e s t  c a p a b i l i t y  without  test i n t e r r u p t i o n  f o r  i s o l a t i o n  of 

problems t o  OSE o r  r e l a t e d  capsule  subsystem. S e l f - t e s t s  and c a l i b r a t i o n s  

are incorpora ted  i n t o  t h e  tes t  program a t  s t r a t e g i c  p o i n t s  t o  v a l i d a t e  

test d a t a  and i s o l a t e  malfunct ions without adding s i g n i f i c a n t l y  t o  t h e  

t e s t  t i m e .  

It a l s o  provides t h e  p o t e n t i a l  f o r  f u t u r e  ope ra t ion  

o 

o 

5.11.3 Phys ica l  C h a r a c t e r i s t i c s  - The automatic processor ,  t e l e t y p e w r i t e r  

paper- tape punch/reader and p e r i p h e r a l  equipment are mounted i n  a special  cabine t  

t o  permit sitdown opera t ion .  

cab ine t  a long wi th  i t s  a s soc i a t ed  l o g i c  and i n t e r f a c e .  

The c o n t r o l  pane l  is  mounted i n  a s tandard 

An example of a candida te  

off- the- shelf  processor  with adequate  speed and memory t o  m e e t  t h e  subsystem test  

set requirements i s  t h e  D i g i t a l  Equipment Corporat ion 's  Model PDP-8/S, p i c tu red  

i n  Figure 5.11-1. 

5.11.4 

are  summarized below: 

Performance C h a r a c t e r i s t i c s  - S i g n i f i c a n t  Performance c h a r a c t e r i s t i c s  

o 

o measure and compare subsystem responses t o  s p e c i f i e d  to l e rance  va lues .  

o ou tput  out- of- tolerance d a t a  t o  t h e  hard-copy p r i n t e r .  

o ou tput  a l l  test d a t a  t o  t h e  paper t a p e  punch f o r  recording.  

c o n t r o l  t h e  a p p l i c a t i o n  of s t i m u l i  t o  t h e  subsystem under tes t .  

o permi t  program inpu t  and modi f ica t ion  by punched t a p e  reader  o r  t e l e type-  

writer. 

o program SSTS s e l f - t e s t ,  c a l i b r a t i o n  and d i agnos t i c  subrout ines  as a 

p a r t  of t h e  normal test  r o u t i n e  o r  "on demand", 
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AUTOMATIC PROCESSOR WITH CONTROL PANEL 

Automatic 
Processor 

Figure 5.11-1 
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I 

o Allow for manual override at any time. 
o prevent equipment damage, both to the OSE and flight subsystem, by driving 

to a safe condition in the event of a critical malfunction. 
-- Software - Software for the SSTS is developed as a part of the software 

program as described in Section 8, Part D. 

to all SSTS which are automated to reduce costs and provide compatibility for all 
processors. Program de-bugging will be accomplished during the early development 

program phases utilizing the developmental models of the flight hardware. 

The programming language is common 

Operational Parameters - Typical operational parameters required by the 
automatic processor are summarized below. 

PARAMETER SPECIFICATION 

Memory Size 4k words, expandable to 32k words; 

Word Size 12 bits, minimum 
Memory Cycle 8.0 microseconds 

Execution Speed 

(8k word memory considered adequate) 

Load word 5 4 0  microseconds 

Store word ( 4 0  microseconds 

Add -.- 50 microseconds 

Multiply, Divide -- 10 milliseconds 
(by subroutine) 

Priority Interrupt Yes 
Power Failure Protection Yes 
Compiler Basic Fortran/Fortran II/IV 
Index Registers 2 8  (memory) 

5.12 

to those provided for by the subsystem-level test equipment, are required by 
the Capsule Bus and associated subsystems. 
are identified and the means of testing indicated below. 
5.12.1 

physically located in the Canister and Adapter. 

MISCELLANEOUS SUBSYSTEMS TEST FUNCTIONS - Test functions, in addition 

Test requirements for these subsystems 

Canister and Adapter Subsystems - Several Capsule Bus subsystems are 
These subsystems are supported 

for test and checkout by the corresponding 

below: 

Canister. and Adaater Subsystems 

Power 
Pressurization and Venting 

Pyrotechnic 

--v 

CB subsystem test equipment as shown 

Supported by CB Support Equipment 

Electrical Power SSTS 

Canister Pressurization Unit (AHSE) 

Pyrotechnic SSTS 
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, 

--_I Can i s t e r  and Adapter Subsystems 

Sequencer Sequencer SSTS 

T e 1 e m e  t r y 

Thermal Control  Thermal Control  SSTS 

Each of t h e  subsystems i s  subjec ted  t o  an  equipment func t iona l  check p r i o r  

Supported by CB Support Equipment 

Telecommunications SSTS 

t o  its i n s t a l l a t i o n  i n t o  t h e  Can i s t e r  o r  Adapter. 

performed during major module bui ldup and i n t e g r a t i o n  wi th  t h e  use  of t h e  

support  equipment noted above. 

Capsule Bus, system tests are performed us ing  STC equipment. Use of t h e  Capsule 

Bus SSTS and AHSE permi ts  a reduct ion  i n  t h e  quan t i t y  of test equipment requi red  

f o r  f l i g h t  subsystem ope ra t iona l  v e r i f i c a t i o n .  

5.12.2 
fol lowing f a b r i c a t i o n  and i n s t a l l a t i o n  i n  t h e  Capsule Bus, using f a c t o r y  test 

equipment. Continui ty,  hi- pot and grounding tests are performed as p a r t  of t h e  

f a c t o r y  tests f o r  q u a l i t y  assurance.  

Subsystem-level tests are 

Following mating of t h e  Adapter, Canis te r  and 

Cabling Subsystem - Complete checkout of t he  cabl ing  is  accomplished 

A func t iona l  check of t h e  Cabling subsystem 

is  made as t h e  Capsule Bus subsystems are in t eg ra t ed  i n  t h e  system. 

ope ra t iona l  support  equipment i s  requi red  f o r  f a c t o r y  tests of t h e  f l i g h t  system's 

e l e c t r i c a l  cab l ing .  

5.12.3 
is a so l id- prope l l an t  device,  and by i tself  r e q u i r e s  no OSE o the r  than alignment 

equipment descr ibed i n  Sec t ion  6 ,  P a r t  D. Associated Electrical lknc t ions  

pyrotechnic i n i t i a t i o n  and timing are t e s t e d  by t h e  Sequencer and Pyrotechnic 

Subsystem T e s t  S e t s .  

5.12.4 

devices  f o r  t h e  deployment of t h e  dece l e ra to r  are checked thoroughly by t h e  

Pyrotechnic Subsystem T e s t  Se t .  

Thus, no 

De-orbit Propulsion Subsystems - The de- orbi t  p ropuls ion  subsystem 

Aerodynamic Decelera tor  Subsystem - E l e c t r i c a l l y  i n i t i a t e d  pyro 

N o  a d d i t i o n a l  e l e c t r i c a l  tests are requi red .  
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SECTION 6 

ASSEMBLY, HANDLING, SHIPPING (AHSE) AND SERVICING EQUIPMENT 

6 .1  

checkout, weigh, balance,  a l i g n  and s h i p  t h e  Capsule Bus System and components from 

f a c t o r y  through Capsule/Spacecraft  i n t e g r a t i o n .  

6.1.1 Categor ies  - AHSE i s  c l a s s i f i e d  i n  accordance wi th  f u n c t i o n a l  and o p e r a t i o n a l  

c h a r a c t e r i s t i c s  as follows.  

AHSE - Capsule Bus AHSE c o n s i s t s  of t h e  equipment r equ i red  t o  assemble, service, 

a. Assembly and Handling Equipment - u t i l i z e d  f o r  capsule/component pos i t ion ing  

and suppor t ,  phys ica l  access t o  f l i g h t  v e h i c l e s ,  component p r o t e c t i o n ,  and 

i n t r a f a c i l i t y  mobi l i ty .  

Mechanical. Tes t ing  and Rigging Equipment - u t i l i z e d  f o r  t e s t i n g  and r igg ing  

mechanical devices ,  and alignment of f l i g h t  equipment. 

Shipping Equipment - u t i l i z e d  f o r  i n t e r f a c i l c t y  mobi l i ty ,  and t o  provide 

phys ica l  and environmental p r o t e c t i o n  of equipment i n  t r a n s i t .  

b. 

c. 

6.1.2 

fol lowing c a p a b i l i t i e s :  

Functional  Requirements - Ground opera t ions  r e q u i r e  equipment with t h e  

a. Firmly r e t a i n  Capsule Bus and a f t  c a n i s t e r  with "z" axes h o r i z o n t a l  t o  

provide optimum a c c e s s i b i l i t y  and minimum impedance t o  laminar downflow 

b. Hois t ,  p o s i t i o n  and support  t h e  Capsule Bus, Lander, De-orbit Motor and 

Parachute Assembly f o r  assembly, service, checkout, i n s t a l l a t i o n  and 

Capsule/Spacecraft  i n t e g r a t i o n .  

c. P o s i t i o n ,  r e t a i n  and i n t e r f a c e  both c a n i s t e r e d  and uncanis tered  capsules ,  

Lander and De-orbit Motor wi th  weight and balance  f i x t u r e s .  

I n s e r t  Lander, De-orbit Motor and Parachute Assembly l a t e r a l l y  i n t o  t h e  

capsule  

Provide mobi l i ty  f o r  f l i g h t  equipment wi th in  f a c i l i t i e s  

Ship f l i g h t  equipment from c o n t r a c t o r ' s  f a c i l i t y  t o  KSC and remote test 

sites 

Phys ica l ly  and environmental ly p r o t e c t  equipment during shipment 

P r o t e c t  ex tend ib le  elements dur ing checkout and alignment 

Rig and test  mechanical devices  and a l i g n  i t e m s  r equ i r ing  cri t ical  pos i t ion-  

ing 

d. 

e. 

f .  

g. 

h. 

i. 

j .  

k. 

Provide access t o  Capsule Bus and a f t  c a n i s t e r  during ground opera t ions  

P r o t e c t  both  f l i g h t  equipment and personnel  from t h e  hazards imposed by 

pyrotechnic and p r o p e l l a n t  handling,  shock and v i b r a t i o n ,  s ta t ic  electric 
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discharge and possible mishandling 
6.1.3 Design Criteria 

General - Mobility will be in conformance with MIL-M-8090D. All AHSE/human 
interfaces will be in accordance with MIL-STD-803. 

shipment of flight equipment, or which will itself be shipped by air will be de- 

signed in accordance with MIL-A-8421B. In addition, AHSE is designed to operate 

within the environmental constraints imposed by McDonnell Report E191, "Voyager 

Flight Capsule Equipments Environmental Specification." 

That equipment utilized for air 

Safe& - AHSE utilized for physical handling operations will be designed to 
four (4) times static handling loads (items utilized for hoisting will be initially 
'and periodically proof testing to two (2) times static handling loads). The follow- 

ing provisions will also be included in basic design considerations to eliminate 

hazards to both personnel and flight equipment: 

a. 

b. 

C. 

d. 

e. 

f. 

Positive locking devices for all load sustaining, movable components. 
Personnel protection will be provided by guard rails for upper platforms 

of work stands, covers for gear and cam assemblies and similar devices, and 
elimination of sharp or pointed projections. 

Lockable casters and provisions for securing large fixtures and work stands 
to the floor, and shock and vibration protection devices (e.g. shock 
mounts, springs, penumaric tires, etc.) 

Identification (placarding) of controls and devices potentially hazardous 
because of either an inherently critical operation or the damage resulting 

from mishandling. 
Equipment utilized for handling pyrotechnics, propellants, etc. will be 

statically grounded and fabricated of non-spark producing materials. 
Personnel interface points will be designed to eliminate the possibility 

of mishandling. 

Cleanliness - The following criteria will be utilized in the basic design of 
AHSE utilized within Class 100 and 100,000 clean rooms: 

a. A l l  external surfaces will be smoothly finished; and all seams and 

joints generously filleted. 

Pockets and horizontal surface areas created by structure or equipment 
which could trap dirt or stagnate air flow will be minimized. 

Surfaces which require lubrication will be "booted." 

Truss structures will be used when possible to minimize impedance to 

air flow. 

b. 

c. 

d. 
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Maintainability - AHSE will be designed to meet maintainability requirements 
through recognition of the following criteria: 

a. All parts or components subject to substantial wear or a reasonable 

possibility of damage shall be readily replaceable. 
Service ports, lubrication fittings, etc. will be easily accessible for 

servicing with standard equipment. 

b. 

Weight and Balance Equipment - AHSE utilized for weight and c.g. determinations 
will provide : 

a. 

b. 

Minimum deflections under operational loads 

Physical interface between flight equipment 

fixtures (e.g. facility provided pedestals, 

. associated electronic equipment) 

and minimim tare weights. 

and weight and balance 

standard load cells and 

c. Positioning for multi-axis orientation of flight equipment on weight and 
balance fixtures. 

6.1.4 Utilization - AHSE design must support the ground operations and tests 
defined in the Integrated Test Plan, Vol. VI. The functional flow of ground opera- 

tions, and the use of AHSE, is illustrated in Figures 6.1-1 and 6.1-2. 
6.1.5 
Capsule Bus Handling Fixture 

Capsule/Canister Assembly and Checkout Stand 
Flight Capsule Transporter 

Air Transportation Adapter 
Capsule Bus Adapter Fixture 

Capsule Bus Handling Dolly 
Forward Section Canister Stand Fixtures 

Capsule Bus Weight and Balance Adapter 
Lander Installation Fixture 

6.1.5.1 Capsule Bus Handling Fixture 

Functional Descriptions - The following major end items are described: 
De-orbit Motor Installation Fixture 

Capsule Bus/Aft Canister Work Stands 

Capsule Bus Handling Sling 

Canister Handling Sling 
Forward Section Canister Sling 
Lander and De-orbit Motor Handling 

6 

Auxiliary Hoist Control 
Capsule Bus Mechanical Simulator 

Usage - The handling fixture, as'shown in Figure 6.1-3, is designed to position 
and retain the Capsule Bus for assembly, service and checkout. 

- Design Requirements and Constraints - The general design of this fixture will 
be for use in a Class 100 clean room. 
intrafacility mobility and disassembly for shipment by common carrier. 

Physical Characteristics - The basic elements of the fixture are: 

It will also have provisions for limited 

a rotation 

assembly (which interfaces with the Capsule Bus via the Capsule Bus Adapter Fixture), 
a trunnioned base assembly and an electro-mechanical drive assembly required for 
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CAPSULE BUS GROUND OPERATIONS AND AHSE, 
UTILIZATION AT CB CONTRACTOR'S PLANT 

Capsule Bus Insert Aeroshell into 
Capsule Bus Handling Fixture 

Handling Fixture Handling Fixture in 

Erected Position Removed from Fixture 1 
1 
i 

$ 

Auxiliary Hoist Control 

Fwd Section Canister 

? 
Capsule/Canister 

Checkout Stand 

Removal of Forward 
Canister Section 

Capsule/Can ister Stand 
in Erected Position 

Class 100 Clean Room Operations 
-,-*--c.--. ...... ........ .._______._._XII .e.- 

'%.. 

Canister 
Handling 

Sling 

Auxilioty Hoist Control 

Canister Capsule 
Weighing Operation 
(Single Point) 

Flight Capsule 
Transporter 

Loader--/ 

F 
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.'.. -., ....................................... 

'.; 

Capsule Bus Insertion 

into Handling Dolly Operation 
Weight and Balance 

Forward Canister Section 

Forward Section 
Coni s ter Stand 

I 
i 

Capsule BusKanister 
lntearation 

i 

,./' 
,. /'' 

Flight Capsule 
._.., ...._ Transporter 

... . Nose Open for Loading 

-8-377SGAircraft 

for Air ?hipment / 

'-...A. Airport Ramp Operation/." 
-5,- ......... ___Lxrr__..- 

Capsule/Transporter 
in B-377SCAircraft 

To KSC 

lure 6.1-1 6-9-t 



CAPSULE BUS GROUND OPERATIONS - KSC 

Auxiliory Hoist 

8-377 SG Aircroft 

(Container Removed) . 
Removal of Capsule 
from Transporter 

Auxiliary Hoist Control / 
Canister Handling Sling 

4 
Post Sterilization 
Checkout 

Co psu I e/Spocec rof t 
Integration 

Lspocecro f t  Handling 
Equipment (Ref) 

Termino I Ster i I izot ion 
k 

Canistered 
Weighing C 
(Single Po 

Figure 6.1-2 
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I c 

Class 100 Clean Room Operations rCapsule Bus 

apsule Bus 
Adapter Fixture 

Auxiliary Hoist 

)n 

Capsule Bus Handling 

Disassembly 
Propellant Service 
Pyro Installation 
Deorbit Motor Installation 
Checkout 
Re-assembly 

‘-Capsule Bus 
Ground Operations: Handling Fixture 

\capsule Canister 
Assembly & Checkout Stand 

Remova I of Capsu le 
Bus from Canister -- I 

LCapsule Canister Assembly 
and Checkout Stand 

Auxiliary Hoist Control 

Compression Yoke 
Load Cell & j 

i 

psule Handling Sling I 
ation 

Capsule Budcan is te r  
Integration 

. . . ~  - -. 

orword Canister Section 

Coni ster Stand 



, 
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?! 
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Figure 6.1-3 
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rotational power. A truss type structure of aluminum box beams is utilized through- 
out. 

jacks are provided for anchoring the fixture to the floor during Capsule Bus rota- 

tion and subsequent operations. 
installation fixtures required for the lateral insertion of the Lander, De-orbit 

Motor and Parachute Assembly. 
Bus Work Stand. 

Intrafacility mobility is afforded by lockable casters, and integral floor 

Provisions are included for interfacing with the 

The rotation assembly also interfaces with the Capsule 

Operational Description - The aeroshell (or Capsule Bus during post assembly 
operations) and interfacing Capsule Bus Adapter Fixture are installed in the 

fixture while the rotation element is in a horizontal attitude. These items are 

then rotated go", and with the capsule "z" axis horizontal, the work stand and 
installation fixtures are installed. All subsequent assembly, service and checkout 

operations are accomplished with the fixture in this attitude. 

Reliability and Safety Considerations - Since propellant servicing, and pyro- 
technics and De-orbit Motor installation are accomplished while the Capsule Bus is 
retaihed in this fixture, provision for static electrical grounding is included. 

In addition, the electrical device used for rotation power is explosion proofed. 
Provision for positively locking the rotation element in the vertical position is 

provided to protect both flight equipment and personnel. 
6.1.5.2 Capsule/Canister Assembly and Checkout Stand 

Usage - This stand is used to retain and position the aft canister for assembly, 
service, checkout, insertion' of the Capsule Bus and integration with the forward 

canister. It also provides limited intrafacility mobility for the aft canister 
and the canistered Capsule Bus. 

Design Requirements and Constraints - The general configuration of this stand 
will be for Class 100 clean room operations, with the capability for intrafacility 
mobility. The capability for disassembly to allow shipment by a common carrier shall 

be included. 
Physical Characteristics - This stand as shown in Figure 6.1-4 consists of 

a basic aluminum structural frame fabricated from rectangular shapes. 
up from the frame are bearing trunnion supports holding the canister attachment 

interface frame. 
gear reduction system. 

the support assembly "z" axis. 
by a spring loaded dog brake riding on the splined rotational shaft. 

cogs permit locking in 45O increments with ball lock pins. 

Extending 

The interface frame is rotated about the tunnions by a motor driven 
The interface frame has 360" rotational capabilities about 

Locking of rotation about the trunnion is achieved 
Eight ( 8 )  

A removable support bar is 
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incorpora ted  f o r  r i g i d i t y .  

caster wheel assemblies.  

screw jacks  loca ted  at  t h e  corners .  

pos i t ion ing  of t h e  work p la t forms when t h e  assembly is r o t a t e d .  Both t h e  screw 

j a c k s  and t h e  r o t a t i o n a l  locks  are enclosed i n  f l e x i b l e  covers t o  e l imina te  c l ean  

room contamination. Extruded rubber shapes are used as mating f l a n g e  p r o t e c t o r s .  

The b a s i c  frame is equipped wi th  f o u r  (4) pneumatic t i r e d  

R i g i d i t y  dur ing s t a t i o n a r y  use  is  achieved wi th  t h e  

One end of t h e  b a s i c  frame i s  open t o  permit  

Opera t ional  Descr ip t ion  - While suspended from i t s  s l i n g  and an overhead h o i s t  

t h e  c a n i s t e r  i s  lowered i n t o  t h e  attachment i n t e r f a c e  frame and o r i e n t e d  s o  t h e  

i n t e r f a c e  b o l t s  can be  secured. 

of t h e  drop p i n s  and opera t ion  of t h e  tu rn ing  motor c o n t r o l s .  

6.1.5.3 F l i g h t  Capsule Transpor ter  

The c a n i s t e r  i s  r o t a t e d  about t h e  "z" axis by release 

Usape - This t r a n s p o r t e r  is  used t o  receive, support  and p r o t e c t  t h e  c a n i s t e r  

(or  F l i g h t  Capsule) during shipment and s to rage .  It is intended t h a t  t h e  con ta ine r  

be u t i l i z e d  a t  a l l  t i m e s  when t h e  c a n i s t e r  i s  not  supported by o t h e r  AHSE i t e m s .  

Design Requirements and Cons t ra in t s  - The Transpor ter  is designed i n  accordance 

wi th  t h e  fol lowing criteria: 

a. Compat ib i l i ty  wi th  shipment by B-377-SG (Super Guppy) a i r c r a f t ,  

barge,  and h e l i c o p t e r  ( e x t e r n a l ) .  

Towing speed s h a l l  not  exceed 15 mph. 

Capab i l i ty  f o r  handling by means of an overhead h o i s t  and nylon web s l i n g  

arrangement ( f o r  handling and t r a n s p o r t  by h e l i c o p t e r ) .  

b. 

c. 

d, Means t o  secure  t h e  con ta ine r  t o  t h e  carrier. 

e. A b i l i t y  t o  withstand a f r e e  f a l l  from a he igh t  of 12 inches landing 

f l a t  on i ts base. 

The suspension system m i t i g a t e s  dynamic t r ansmi t t ed  loads  t o  5g a x i a l l y  

and 1.25g r a d i a l l y  wi th  respect t o  t h e  c a n i s t e r  "z" a x i s .  

The des ign v i b r a t i o n  inpu t  t o  t h e  con ta ine r  is  

f .  

g. 
Frequency Amplitude 

2 t o  26 cps 

26 t o  52 cps .036 inch  double amplitude 

52 t o  500 cps 

Such i n p u t s  are appl ied  v e r t i c a l l y  through t h e  con ta ine r  base  only.  

The suspension system i s  designed t o  m i t i g a t e  t h e  t r ansmi t t ed  v i b r a t i o n  

ampli tudes t o  l e v e l s  t h a t  w i l l  not  r e s u l t  i n  damage t o  t h e  F l i g h t  

- +1.3g peak 

- +5g peak 

h. 

Capsule. 
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i. Isolation of the canister from extremes of humidity, precipitation and 

blowing sand, dust, snow or hail. 
Maintaining a nitrogen atmosphere within the container with a delta pressure 

between the container and ambient of 1-2 psig. 
j. 

k. Design loads: 

Positive Internal Pressure 5 psi 
Canister (Flight Capsule) Weight 70005 

Overhead Handling 2g 
Wind; Freely Standing 60 mph 

Tied Down 100 mph 
Helicopter 50 mph downward superimposed on 150 

mph forward velocity 

1. Design stresses are one-third the yield stress or one-fourth the ultimate 

stress if no yield stress is given. 
m. Provisions for controlling and guiding the Transporter by means of tag 

lines during handling. 
Provisions for stowage of the Transporter's own auxiliary equipment (slings, 

tow bars, special tools, etc.) 
n. 

0. Provisions for disassembly for shipment in a common carrier. 

p. Support of the canister at the canister/spacecraft interface ring with 
the "z" axis vertical. 

Physical Characteristics of Operational Description - The Transporter fully 
encloses the Flight Capsule in a two-piece aluminum shell, as shown in Figure 6.1-5. 
The shell top half consists of a cylinder or prism approximately 254 inches in 

diameter with an approximately spherical dome (148 inch spherical radius). 
half of the shell disassembles into three sections for transportation empty. The 

base of the shell provides the interface for mating with the Canister/Spacecraft 
bus interface and generally conforms to the Canister shape aft of the Spacecraft 

bus interface. 
base is, in turn, supported by a structural frame which, in some areas, is integral 

with the shell base, forming a container base assembly. 

assembly disassembles into sections suitable for conventional truck or air shipment. 
Intersecting arches pass over the top half of the shell attaching to the base 

assembly. 
transport by helicopter, and are used to handle the cover assembly. 

between the arches and the shell top half prevents the transmission of structural 

The top 

A gasketed closure is provided at the shell parting line. The shell 

The Transporter base 

The arches carry the loads experienced in hoisting operations and during 

The interface 
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loads through the shell, thus providing capability for hoisting with simple sling, 

with minimum vertical hoist clearance. 

long, is provided for overhead hoisting and helicopter transport. 
container shell are caulked to retain the GN2 atmosphere. 
and redundant relief valves are provided in the container base as is a GN2 supply 

for container replenishment and strut servicing. The suspension consists of four 
hydro-pneumatic struts at the corners of the base, affording shock and vibration 

protection to the canister. Mobility is provided by fully castered wheels which 

A nylon web sling, approximately 180 inches 
Joints in the 

Servicing connections 

are part of the suspension strut assembly. 

are included in the Container Base Assembly. 

300 in. long by 264 in. wide by 170 in. high. 
8000 pounds. 

Tow bar attachment and stowage provisions 

Approximate overall dimensions are 

The Transporter weighs approximately 
Container proof loads are: 

Positive Internal Pressure 10 psi 
Canister (Flight Capsule) Weight 14000.11 
Overhead Handling 2800011 

In view of the large container size required, the shell/structural arch configuration 

was selected as the most efficient and economical method for both capsule protection 
and container handling (hoisting). 

6.1.5.4 Air Transportation Adapter 

Usage - The Air Transportation Adapter is used to support the Canister Shipping 
Container within the B-377-SG (Super Guppy) aircraft, elevating the container so the 
maximum width is located approximately at the aircraft center line. 

Design Requirements and Constraints - The adapter must satisfy the following 
requirements: 

a. 

b. 

C .  

d. 

e. 

f. 

The adapter interfaces with the Guppy Pallet and with the base of the 

container. 
The design load for the Adapter is the loaded gross weight of the container. 

The Adapter is designed for handling by overhead hoist. 
The Adapter is designed to disassemble for return shipment by common carrier. 

Dynamic loads transmitted through the Adapter are 3g for 100 msec applied 
longitudinally and 1.5g for 100 msec applied laterally. 
The design vibration input to the Adapter is: 

Frequency Amplitude 
2 to 26 cps - +1.3g peak 

26 to 52 cps 
52 to 500 cps 
This input is applied along vertical axis of the Adapter 

.036 inch double 
- +5g peak 

amplitude 
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Physical Characteristics and Operational Description - The Air Transportation 
Adapter as shown in Figure 6.1-6 raises the container approximately 80 inches within 
the Super Guppy Aircraft so that the container fits within the aircraft envelope. 

The Adapter consists of a framework of aluminum structural shapes that support the 
container at its running gear, and mounts on the Guppy Pallet. 

vided for securing the Adapter and the container to each other and to the Guppy 
Pallet. 

80 inches high; weight, 3000 pounds. 

Fittings are pro- 

Approximate overall dimensions are 300 inches long by 264 inches wide by 

6.1.5.5 Capsule Bus Adapter Fixture 

Usage - The adapter fixture provides a structural means for interfacing the 
Capsule Bus with Capsule Bus Handling Fixture, Handling Dolly and Weight and 

Balance Adapter. 

Design Requirements and Constraints - Basic design requirements are: 
a. Sufficient strength to prevent excessive deflection during Capsule Bus 

weight and balance determinations. 

Minimum structure to provide a small tare weight. b. 
Physical Characteristics - The fixture is of a truss type construction, with 

the general shape of a truncated cone. Both the top and bottom elements are rings 

which interface with the Capsule Bus at the flight adapter interface points and 
ground handling equipment respectively. Fabrication is largely of heavy gage 

aluminum tubing. 
Operational Description - This fixture is utilized to provide the required sup- 

port for the Capsule Bus during ground operations prior to its insertion into the 
aft canister. 
6.1.5.6 Capsule Bus Handling Dolly 

Usage - The handling dolly provides intrafacility mobility for both canistered 
It is also used to insert and retain the capsule in the and uncanistered capsules. 

environmental chamber and sterilization oven. 
Design Requirements and Constraints - General design and materials selection 

takes into consideration the temperature and size constraints imposed by use within 
the environmental chamber and sterilization oven. 

Physical Characteristics - The dolly is a simple, welded steel platform pro- 
vided with lockable casters for mobility. Provisions are included for interfacing 

with the sterilization canister (field joint) and the Capsule Bus Adapter Fixture. 

Tow bar fittings are also included as well as integral jacks for leveling and 

securing to the floor. 
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Operational Description - The capsule is inserted into the dolly with an over- 
head crane and hoisting sling. 

among the using sites within any facility over smooth and level surfaces. 

Mobility provisions allow towing of the capsule 

Reliability and Safety Considerations - Shock mounts and rubber tired casters 
protect the capsule against shocks and vibrations incurred during intrafacility 

movement. 
within environmental chamber and sterilization oven. 

6.1.5.7 Forward Section Canister Stand 

Floor jacks allow firm retention to the floor during ground operations 

Usage - This stand is used to hold, position and move the forward canister 
section within any facility. 

Design Requirements and Constraints - The criteria outlined in this paragraph 
describes the requirements to which the stand is designed in order to achieve 
compliance with its use objectives. The criteria include: 

a. 
b. 

C. 

d. 

e. 

f. 

The design load for the stand is 500 pounds 
Rotational devices shall operate and support the design load with a 
maximum c.g. offset of 10 inches from the nominal location. 
All operating positions shall be capable of being retained by positive 
locking. 

Attachment of the canister section to the stand shall be at the field 
joint flange. 

The design constraints for Class 100 clean room equipment shall be 
followed 

The stand shall be capable of disassembly for shipment by cofrrmon carrier. 

Physical Characteristics and Operational Description - This stand is presented 
in Figure 6.1-7 and consists of an aluminum base equipped with sprung pneumatic 
castered wheels providing mobility and extendable screw jacks for accomplishing the 

required rigidity. 

pivoting to upright position. In use, the forward section is positioned over the 
interfacing frame that is configured to accept the section in a "z" axis vertical 

attitude. 

Attached to the base is an interfacing structure capable of 

Selective use of the field joint flange bolt pattern is used to bolt the 

section to the frame. 
attached to the frame lift point and raised to pivot about its trunnions. 

the correct attitude is achieved, the braces are installed and the hoist removed. 

6.1.5.8 

When the section is rotated go", an overhead hoist is 
When 

Capsule Bus Weight and Balance Adapter 

Usage - The Weight and Balance Adapter is designed to position and support 
the Capsule Bus on the weight and balance fixture. 
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These fittings allow separate or coupled movement of the rails, thus providing the 

necessary vertical, horizontal and rotational alignment for installing the motor. 
The rails are provided with roller tracks to allow the motor to be moved manually. 

Operational Description - Interfacing the installation fixture with the Capsule 
Bus Handling Fixture is accomplished while the Capsule is positioned with the "z" 

axis horizontal. The De-orbit Motor/handling cradle is lowered onto the rails by 

overhead crane. The De-orbit Motor is then manually pushed along the rails to its 
mounting points and the cradle removed. During this operation the motor is positioned 
by adjustment to the rails. 

Reliability and Safety Consideration - The fixture is fabricated largely of 
aluminum (all materials will be non-spark producing) because of the hazards imposed 
in handling the De-orbit Motor. The rails are also provided with stops to prevent 

the inadvertent dropping of the motor from the rear of the fixture. 
6.1.5-11 

definition, the following functional descriptions are given in abbreviated €orm. 

Miscellaneous A H H  - In keeping with the Phase B level of equipment 

Capsule Bus/Aft Canister Work Stand - Welded pipe, truss structures with plat- 
forms designed to provide necessary access to Capsule Bus and aft canister during 
ground operations. 

Capsule Bus Handling Sling - A hoisting device consisting of three steel cables 
and triangular spreader bar used for the insertion and removal of the Capsule Bus 

from the Capsule Bus Handling Fixture, the Weight and Balance Adapter and the aft 

canister. 
Canister Handlinp Sling - This device consists of steel cables, spreader bar, 

and canister interface frame and is used for inserting the aft canister and flight 
capsule onto support stands and Flight Capsule Transporter, and for Capsule/Space- 

craft integration. 
Forward Section Canister Sling - This sling is used to install and remove the 

forward canister section on the aft canister and Forward Section Canister Stand. 
It consists of steel cables, a spreader bar and a canister interface frame. 

Lander and De-orbit Motor Handling Fixtur- - Mobile structures designed to 
position and retain the flight items for assembly, service and checkout prior to 

ins tallation 
Auxiliary Hoist Control - A standard Hydraset modified for Class 100 clean room 

operation which provides precise vertical control required during hoisting operations. 
Capsule Bus Mechanical Simulator - A low cost, structurally reinforced shell 

It is internally weighted to constructed to canister dimensions and interfaces. 
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Flight Capsule weight and c.g. configuration, and is used for checking handling 

and transportation equipment clearances and interfaces at factory and KSC using sites. 

Alignment Kit - A group of special gages, support fixtures, and associated 

optical tooling required for f,light equipment which must be critically aligned. 
alignment equipment will be defined during Phase C. 

alignment is: 

This 
The flight equipment requiring 

6.2 
and 

Item Method Operat ion 

Lander optical Capsule Bus final assembly 
De-orbi t Motor optical Capsule Bus Weight SI Balance 

VHF Antenna mechanical Capsule Bus final assembly 
Radar antenna mechanical Lander final assembly 

IMU mechanical Lander final assembly 
SERVICING EQUIPMENT - This section describes the equipment required to load 
deservice the Terminal Propulsion Subsystem (TPS) and the Reaction Control 

Subsystem (RCS) with propellants and gases and to decontaminate and maintair, these 

subsystems. 

pressurization and gaseous pressurization for testing is included. 
utilization and approach rationale are described in addition to design requirements 

and criteria. 
6.2.1 Utilization - Use of the servicing equipment to support the Operations and 
Test Plan at the Capsule Bus (CB) contractor's plant and at KSC is shown in Figures 
6.2-1 and 6.2-2 respectively. A sumnary of usage at the operational sites follows: 

In addition, equipment for propellant disposal, Sterilization Canister 

Equipment 

CB Contractor's Plant 
a. 

b. 

Component and module equipment functional testing 

Propulsion and canister subsystem functional testing on the subsystem 

level 
Propulsion and canister subsystem functional testing on the system level. c. 

Kennedy Space Center - 
d. 

e. Explosive safe facility system level testing, servicing and propellant 

Industrial Area system level testing 

disposal 
Launch Pad 39 propellant disposal and canister purge f. 

6.2.2 

and operational characteristics as follows: 

Categories - Servicing Equipment is classified in accordance with functional 

- Loading Equipment - Used for conditioning and transferring liquids and gases 

into the capsule propulsion subsystem storage tanks, measuring and verifying the 
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quantity of liquids and gases transferred, and providing gases for subsystem testing, 

Decontamination, Clesning and Maintenance Equipment -Utilized for cleaning 

and decontaminating propulsion subsystems and loading OSE and supplying gases to 
maintain a positive pressure on the canister and capsule subsystems. 

Safety Equipment - Utilized for preventing the build-up of a hazardous concen- 
tration of toxic or explosive liquids and vapors and disposing of toxic or hazardous 

fluids resulting from transfer operations. 
pressure.gas testing can be safely performed. 

6.2.3 

Providing an enclosure in which high 

Requirements and Design Criteria - 
Function and Performance - The Servicing Equipment provides the following 

capabilities: 

a. 
b. 

C. 

d. 

e. 
f. 

g* 

h. 

i. 

j. 
k. 
1. 
m. 

n. 

0. 

Load the TPS fuel tanks with Monomethylhydrazine (F") 

Load the TPS oxidizer tanks with Nitrogen Tetroxide (N2O4) 

Load the TPS pressure tank with helium(GHe) 
Load the RCS fuel tank with Hydrazine (N2H4) 

Load the RCS pressurant tank with nitrogen (GN ) 

Measure the quantity of fluids transferred to each tank 

Remove particulate contaminants and toxic fluids from both the capsule 
subsystems and loading OSE 

Maintain canister pressure within design limits during sterilization 

heating and cooling 
Maintain a positive gas pad on the canister during shipping and storage 

Provide gas for leakage and functional testing 
Dispose of toxic and explosive liquids and vapors 

Display flight system parameters associated with the loading operations 
Protect both flight equipment and personnel from hazards resulting from 

high pressure gas and toxic and corrosive fluids. 
Detect propellant leakage in the canister following encapsulation 

Desewice the propellant tanks in the event of an emergency condition or 
propellant leak 

2 

6.2.4 Design 
General - 
quiring air shipment is designed in accordance with MIL-A-8421. 
signed to conform with the human engineering criteria defined in MIL-STD-803. 

Pressure vessels are designed to conform to ASME specifications and the propellant 

loading and disposal equipment electronics conforms to the applicable NEMA code. 

Mobility is assured by conformance with MIL-M-8090D, and equipment re- 

Equipment is de- 
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The equipment i s  designed t o  o p e r a t e  w i t h i n  t h e  environmental c o n s t r a i n t s  imposed 

by McDonnell Report E191. 

Valves, r e g u l a t o r s  and gages comprising f l u i d  c i r c u i t  elements are loca t ed  on a 

graphic  pane l  schematic of t h e  c i r c u i t .  

f i e d  pe r  MIL-STD-1247. 

i n t e r f a c e  wi th  t h e  wrong f i t t i n g .  

suppl ied  wi th  t h e  u n i t .  

e c t ed  from t h e  p r o p e l l a n t  compatible materials used i n  t h e  Gemini propuls ion  

se rv i c ing  equipment. 

A l l  c o n t r o l s  and d i s p l a y s  are loca t ed  on a c e n t r a l  panel .  

A l l  hoses,  p ipes  and tubing  are i d e n t i-  

I n  a d d i t i o n ,  hose t e rmina l s  are keyed t o  prevent  i nadve r t en t  

Hoses and cab le s  r equ i r ed  f o r  ope ra t ion  are 

Materials used i n  cons t ruc t ion  of t h e  equipment are sel- 

Safe ty  - A l l  s e rv i c ing  equipment i s  provided wi th  s a f e t y  devices  t o  preclude 

damage t o  f l i g h t  systems o r  i n j u r y  t o  opera t ing  personnel.  These devices  per-  

form t h e  fol lowing func t ions :  Prevent u n i n t e n t i o n a l  ove rp re s su r i za t ion  of t h e  

f l i g h t  subsystems, p o s i t i v e l y  ven t  a l l  p re s su r i zed  systems, p r o t e c t  a g a i n s t  f i r e  

o r  explosion r e s u l t i n g  from electr ical  sparking o r  a r c ing ,  and prevent  accumulation 

of t o x i c  concent ra t ions  of p rope l l an t s .  

Rel ie f  valves are used t o  l i m i t  p r e s su re s  i n  a l l  f l u i d  l i n e s .  Rel ie f  va lves  

and b u r s t  diaphrams p r o t e c t  p re s su re  vessels and s t o r a g e  tanks.  

are suppl ied  wi th  s a f e t y  blow-out d i sks .  

p ressur ized  l i n e s  and hoses. 

p re s su re  and i s  proof t e s t e d  t o  two t i m e s  opera t ing  pressure .  

P re s su re  gages 

Hand valves are provided t o  b leed  a l l  

A l l  equipment i s  designed t o  four  t i m e s  opera t ing  

Cleanl iness  - The fol lowing cri teria w e r e  u t i l i z e d  i n  t h e  des ign  of s e rv i c ing  

equipment: 

subsystem, avoid dead ends, and voids  t h a t  prevent  proper c leaning  of f l u i d  c i r c u i t s ,  

and supply a l l  connectors  and f i t t i n g s  wi th  caps t o  prevent  t h e  e n t r y  of contamin- 

a n t s .  

U s e  f i l t e r s  t o  prec lude  t r a n s f e r  of contaminants i n t o  t h e  capsule  

R e l i a b i l i t y  ~ - R e l i a b i l i t y  of s e rv i c ing  equipment is based on a conserva t ive  

des ign  approach and t h e  u s e  of proven components and equipment. Components are 

operated w e l l  below t h e i r  maximum performance levels. MTBF s e l e c t e d  is  c o n s i s t e n t  

wi th  providing a conserva t ive  margin t o  support  t h e  scheduled se rv i c ing  t i m e  l i n e s  

and c o n s t r a i n t s .  

b i l i t y  of t h e  Gemini hypergol ic  and gas  s e rv i c ing  equipment are used. 

welded and brazed j o i n t s  are used t o  minimize leakage, GN2 p re s su re  t r a n s f e r  of 

p r o p e l l a n t s  i s  used t o  e l i m i n a t e  pumps. 

ponents and hand valves and hand loaded r e g u l a t o r s  are used t o  minimize complexity. 

M a i n t a i n a b i l a  - Servic ing  Equipment i s  designed f o r  easy maintenance through 

Design and assembly techniques,  t h a t  cont r ibu ted  t o  t h e  relia- 

S p e c i f i c a l l y ,  

F i l t e r s  are used t o  p r o t e c t  system com- 

use  of t h e  fol lowing criteria: 
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a. A l l  p a r t s  o r  components s u b j e c t  t o  s u b s t a n t i a l  wear o r  t h e  p o s s i b i l i t y  of 

damage are r e a d i l y  a c c e s s i b l e  f o r  replacement. 

b. Serv ic ing  p o r t s ,  c a l i b r a t i o n  f i t t i n g s ,  etc., are r e a d i l y  a c c e s s i b l e  f o r  

s e rv i c ing .  

The use  of s p e c i a l  t o o l s  and equipment f o r  maintenance i s  he ld  t o  a mini- 

mum. 

F i l t e r  elements are r e a d i l y  a c c e s s i b l e  f o r  c leaning  o r  replacement. 

En p l ace  gage c a l i b r a t i o n  i s  provided. 

c. 

d. 

e. 

6.2.5 Funct ional  Descr ip t ions  - are provided f o r  t h e  fol lowing major i t e m s :  

a. GHe/GN2 Serv ic ing  Unit 

b. N 0 Serv ic ing  Unit 

c. MMH Servic ing  Unit 
2 4  

d. N H Serv ic ing  Unit 

e. Canis te r  P r e s s u r i z a t i o n  Unit  

f .  N 0 Flush and Purge Unit 

g. 
h. N H Flush and Purge Unit 

i. Propulsion Subsystem Tool Se t  

j .  ESF Prope l l an t  Disposal  System 

k. 

2 4  

2 4  
MMH Flush and Purge Unit 

2 4  

Launch Pad P rope l l an t  Disposal  System 

6.2.5.1 GHe/GN2 Serv ic ing  Unit 

I d e n t i f i c a t i o n  and Usage - This  u n i t  provides a r egu la t ed  supply of gaseous 

helium (GH,) o r  n i t rogen  (GN ) f o r  TPS and RCS co ld  gas func t iona l  and leakage test- 2 
ing  and s e r v i c i n g  of t h e  p rope l l an t  p re s su ran t  tanks of both subsystems. 

t h a t  is used a t  t h e  CB c o n t r a c t o r ' s  f a c t o r y  and KSC is shown i n  F igure  6 . 2 . 3 .  

The u n i t  

D e s i m  Requirements and Cons t ra in ts  - The u n i t  is  designed t o  m e e t  t h e  follow- 

ing  requirements:  

a. Provide a 6000 p s i ,  3000 p s i  and 1000 p s i  regula ted  and instrumented 

GHe o r  GN supply. 2 
b. F i l t e r  t h e s e  s u p p l i e s  t o  10 microns absolu te .  

c. Provide p re s su re  ins t rumenta t ion  accuracy of 2 1% f o r  t h e  t h r e e  p re s su re  

levels ind ica t ed .  

Phys i ca l  C h a r a c t e r i s t i c s  - The u n i t  i s  mobile (caster mounted) and s e l f  con- 

Standard "K" b o t t l e s  mounted t a i n e d  r equ i r ing  only f a c i l i t y  power f o r  opera t ion .  

on t h e  u n i t  are used t o  s t o r e  t h e  helium and n i t rogen  gas.  
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SERVICING UNIT - GHe/GN2 
Block Diagram 

0 - 1000 psi He Outlet 

0 - 3000 psi He Outlet 

0 - 6000 psi He Outlet 

Ambient Cooling Air 

r G a s  Manifold 

-Control 
Panel 

Figure 6.2-3 
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Qperational . Descr ip t ion  . - - . . - - - - - .  - The u n i t  i s  manually con t ro l l ed .  Gas f low i s  con- 

t r o l l e d  wi th  hand valves, and p re s su re  levels are ad jus t ed  wi th  hand loaded regula-  

t o r s .  

pump i s  used t o  raise t h e  supply ("K" b o t t l e )  p re s su re  t o  6500 p s i  and charge an  

accumulator. TPS p re s su ran t  is GH and RCS is GN2. 

T e s t  Console, t h e  TPS and RCS p re s su ran t  s e rv i c ing  p o r t s ,  t h e  TPS and RCS test 

p o r t s  and f a c i l i t y  power. 

6.2.5.2 N204 Servic ing  Unit 

Pneumatic p re s su re  gages i n d i c a t e  t h e  p re s su re  a t  each o u t l e t .  A boost  

e 
I n t e r f a c e  D e f i n i t i o n s  - The u n i t  i n t e r f a c e s  w i th  t h e  SSTS Propuls ion  Subsystem 

I d e n t i f i c a t i o n  and Usape - This  u n i t  i s  used t o  s t o r e  N 2 0 4  and service t h e  - -  
ox id i ze r  t ank  of t h e  TPS a t  t h e  Explosive Safe  F a c i l i t y  (ESF). 

schematic and conceptual  drawing are shown i n  Figure 6 - 2 4 .  

A block diagram, 

Design R e q u i r e m e n t s g C o n s t r a i n t s  - The u n i t  i s  designed t o  meet t h e  
_r_._-_  1 

fol lowing requirements:  

a. 
b. 

c. 

s t o r i n g  s u f f i c i e n t  q u a t i t i e s  of N204 t o  f i l l  t h e  TPS ox id i ze r  tank  
F i l t e r i n g  t h e  N204  t o  10  microns abso lu t e  

Transfer r ing  N204 t o  t h e  TPS tank  

s t o r a g e  tank u l l a g e  space 

Measuring t h e  q u a n t i t y  of ox id i ze r  t r a n s f e r r e d  t o  t h e  TPS tank  t o  

- + 1% by weight of t he  TPS tank capac i ty  

Providing ins t rumenta t ion  t o  monitor TPS tank  temperature,  p ressure  

and level i n d i c a t o r s  

f .  Deserviclng t h e  TPS tank  

f .  Removing p r o p e l l a n t s  from t h e  t r a n s f e r  hoses p r i o r  t o  disconnect ion.  
Physica1.Chtracteristics - The mobile u n i t  (caster mounted) is  s e l f  con- 

by n i t rogen  p r e s s u r i z a t i o n  of t h e  

d. 

e. 

t a ined ,  r equ i r ing  only f a c i l i t y  power f o r  operat ion.  

mounted on t h e  u n i t ,  are used t o  s t o r e  t h e  GN 

i n e r t  gas  padding. 

of o x i d i z e r  i n  t h e  tank. 
. 

Standard "K" b o t t l e s ,  

requi red  f o r  f l u i d  t r a n s f e r  and 

Load ce l l s  on t h e  i n t e g r a l  s t o r a g e  tank  measure t h e  weight 
2 

Operat?onal D e s c r i p t i o n-  The u n i t  is manually operated.  F lu id  flow is 
con t ro l l ed  by hand valves and p re s su re  levels are ad jus t ed  wi th  hand r egu la to r s .  

Weight of ox id i ze r  i n  t h e  s t o r a g e  tank  i s  d isp layed  by a m e t e r  on t h e  c o n t r o l  

pane l ,  i n  a d d i t i o n  t o  TPS t ank  pressure ,  temperature and level i n d i c a t o r  l i g h t s .  

The quan t i t y  of o x i d i z e r  t r a n s f e r r e d  is measured by weight and is  displayed d i r e c t - '  

l y  on t h e  meter. A c a l i b r a t i o n  of t h e  TPS tank  level i n d i c a t o r s  is  obtained by 
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Figure 6.2-4 
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c r o s s  checking t h e  level i n d i c a t o r  d i s p l a y  l i g h t s  w i th  t h e  weight measurement display.  

Deservicing is  achieved by p r e s s u r i z i n g  t h e  TPS tank u l l a g e  wi th  GN2 and flowing t h e  

o x i d i z e r  back i n t o  t h e  s t o r a g e  tank  o r  t h e  ESF Prope l l an t  Disposal  System. Residual  
p r o p e l l a n t s  are removed from t h e  t r a n s f e r  hoses by evacuat ing them below t h e  vapor 

p r e s s u r e  of t h e  oxidizer .  A co ld  t r a p  prevents  ox id i ze r  vapors from en te r ing  t h e  pump. 

. 

I n t e r f a c e  D e f i n i t i o n  - The u n i t  i n t e r f a c e s  wi th  t h e  TPS f i l l  and ven t  p o r t s ,  t h e  

ESF p r o p e l l a n t  d i s p o s a l  system, and f a c i l i t y  power. 

R e l i a b i l i t y  and Sa fe ty  Considerat ions - A l l  electrical components are hermeti-  

c a l l y  s ea l ed  o r  padded wi th  GN2 t o  prevent  explosive vapors  from en te r ing  t h e  compo- 

nent  (NEMA Code requirement) .  Toxic vapors  can b e  removed from t r a n s f e r  hoses p r i o r  

t o  disconnect ion and a co ld  t r a p  prevents  explos ive  vapors  from en te r ing  t h e  vacuum 

Pump 
6.2.5.3 Serv ic ing  Unit - MMJ3 

I d e n t i f i c a t i o n  and Usape - This u n i t  is  used t o  s t o r e  MMH and s e r v i c e  t h e  f u e l  

tank  of t he  TPS a t  t h e  ESF. 

v i c i n g  Unit  shown i n  F igure  6.2-4, except  f o r  minor material changes and t h e  s i z e  of 
t he  s t o r a g e  tank. 

6.2.5.4 Serv ic ing  Unit  N2H4 

I d e n t i f i c a t i o n  and Usage - This u n i t  is  used t o  s t o r e  N2H4 and service t h e  f u e l  
tanks of t he  RCS a t  t h e  ESF. A block diagram, schematic,  and conceptual  drawing are 

The design of t h i s  u n i t  is i d e n t i c a l  t o  t h e  N2O4 Ser- 

shown i n  F igure  6.2-5. 
Design Requirements and Cons t ra in ts  - The u n i t  i s  designed t o  m e e t  t h e  follow- 

ing  requirements:  

a. 

b.  

c. 

S to r ing  s u f f i c i e n t  q u a n t i t i e s  of N2H4 t o  f i l l  t he  RCS f u e l  tanks .  

F i l t e r i n g  t h e  N2H4 t o  10  microns abso lu t e  

T rans fe r r ing  N2H4 t o  t h e  RCS tanks by n i t rogen  p r e s s u r i z a t i o n  of t h e  s t o r-  

age tank  u l l a g e  space.  

Measuring t h e  quan t i t y  of f u e l  t r a n s f e r r e d  t o  t h e  RCS tanks t o  5 1%, by 

weight of t h e  RCS tank  quan t i t y  

Providing ins t rumenta t ion  t o  monitor RCS tank  temperature and p re s su re  

d.  

e. 

f .  Deservicing t h e  RCS tanks  

g.  
h .  

Phys i ca l  C h a r a c t e r i s t i c s  - The mobile u n i t  ( c a s t e r  mounted) is  s e l f  contained 

Standard "K" b o t t l e s ,  mounted on t h e  

Removing p r o p e l l a n t s  from t h e  t r a n s f e r  hoses p r i o r  t o  disconnect ion 

Pos i t i on ing  t h e  RCS tank bellows 

r equ i r ing  only  f a c i l i t y  power f o r  opera t ion .  

u n i t ,  are used t o  s t o r e  t h e  GN 
Load cells on t h e  i n t e g r a l  s t o r a g e  tank measure the  weight of f u e l  i n  t h e  tank. 

requi red  f o r  l i q u i d  t r a n s f e r  and i n e r t  gas padding. 
2 
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Operational Description - The unit is manually operated. 
trolled by hand valves, and pressure levels are adjusted with 

Weight of fuel in the storage tank is displayed by a meter on the control panel, in 

addition to RCS tank pressure and temperature. 

either by pressurization or evacuation. 

Fluid flow is con- 
hand regulators. 

Tank bellows positioning is achieved 

Deservicing is achieved by pressurizing the RCS tank bellows with GN2 thus 

blowing the fuel back into the storage tank or the ESF Propellant Disposal System. 

Residual propellants are removed from the transfer hoses by evacuating them below 

the fuel vapor pressure. A cold trap prevents fuel vapors from entering the pump. 

Interface Definition - The unit interfaces with the RCS fill ports, bellows 
pressurization ports, ESF propellant disposal system, and facility power. 

Reliability and Safety Considerations - All electrical components are hermetic- 
ally sealed or padded with GN 
ponent (NEMA Code requirement). 

prior to disconnection and a cold trap prevents explosive vapors 
vacuum pump. 
6.2.5.5 Canister Pressurization Unit 

to prevent explosive vapors from entering the com- 2 
Toxic vapors can be removed from transfer hoses 

from entering the 

Identification and Usage - This unit provides gaseous pressurization and 
pressure control of the canister during leakage testing, sterilization, preflight 

storage, and during KSC operations. The unit is used at the factory and KSC. A 
schematic and conceptual drawing of the unit is shown in Figure 6.2-6. 

Design Requirements and Constraints - The unit is designed to meet the follow- 
ing requirements : 

a. 

b. 
c. 

Purging the sealed canister with GN2 to achieve a 97% 2 1 %  N2 atmosphere 
Injecting helium for leakage testing 
Venting the canister during sterilization heating when pressures'exceed 

2.5 psig 
Repressurizing the canister with sterile gas following heating to 2.0 psig 

Supplying 2.0 psig sterile make-up gas for canister leakage during storage, 
transit at KSC, and while on the launch pad. 

f. Detecting propellant leakage in the canister following encapsulation. 

g. Providing remote canister pressure control during sterilization 
h. Operating at sterilization temperature and following a sterilization cycle 
Physical 'Characteristics - The unit is mobile (caster mounted) and self-con- 

Tanks are provided to store 

d. 

e. 

tained requiring only facility power for operation. 
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CANISTER PRESSURIZATION UNIT 

Pressurization 

Back Pressure 

PNTUMATI c SCHEMATIC 

CONTROLPANEL 

Figure 6.2-6 
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the GN2 and GHe required for operation of the unit. 

panel used during sterilization, all other valves, regulators, controls and displays 

are located on a central panel on the unit. 
trol panel, storage pressurization section and sterilization chamber section. 

Except for a remote control 

The unit consists of a remote con- 

Operational Description - The unit is manually operated. Gas flow is con- 

trolled by hand valves and solenoid valves. 

regulators and back pressure relief valves. 

zation the canister is purged with GN2, GH e 
with the SSTS Helium Leakage Detector. The unit is connected to the canister 

prior to sterilization and remains connected during heating. During heating, 

canister internal pressure is maintained at 2.5 psig by allowing gas to vent. 
Upon cooling, the canister pressure is maintained at 2.0 psig by the addition of 

sterile make-up gas from the unit. 

pad operations the unit remains connected to the canister to supply sterile make- 

up gas and sense CB propellant leakage. 

Pressure levels are adjusted by hand 

For leakage testing prior to sterili- 

is injected and leakage is detected 

During storage, transportation and launch 

Interface Definition - The system interfaces with the Hazard Alarm and 

Monitor System, canister vent and fill ports and facility power. 
Reliability and Safety Considerations - The selected propellant detection 

system's reliability and performance were demonstrated on the Gemini propellant 

servicing system. 

or otherwise sealed to achieve essentially zero leakage. 
are capable of detecting propellant concentrations greater than 10 parts/million. 
6.2.5.6 

All fluid joints in the storqge pressurization system are brazed 
The vapor detectors 

N204 Flush and Purge Unit 

Identification and Usage - This unit is used to flush and purge a contaminated 
____I-. 

TPS oxidizer loop or associated loading equipment. 

systems that are physically contaminated or cont,ain toxic propellants. 
both at the CB Contractor's factory and KSC. 

ceptual drawing of the unit are shown in Figure 6.2-7. 

The unit cleans and dries 

It is used 
A block diagram, schematic and con- 

Design Requirements and Constraints - The unit is designed to meet the 

following requirements: 
a. Storing sufficient quantities of freon MF to affect a complete flush of 

the TPS oxidizer loop or loading equipment. 
Storing sufficient quantities of GN2 to completely purge the TPS loop or 

loading equipment. 

Warming the GN2 to a temperature sufficient to vaporize freon. 

b. 

c. 
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FLUSH & PURGE UNIT N2O4 

Flush 

Purge Unit 
Facility GN2') & 

I 

' Tank I- 

I EFS Propellant BLOCK DIAGRAM 
Disposal System 

e I '- 

SCH EMAT IC 

Figure 6.2-7 
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d. 

e. S to r ing  contaminated f l u s h  f l u i d .  

f .  

Phys i ca l  C h a r a c t e r i s t i c s  - The mobile (caster mounted) u n i t  is  s e l f  contained 

F i l t e r i n g  the f l u s h  and purge f l u i d s  t o  10  microns absolu te .  

Performing the f l u s h  and purge ope ra t ion  i n  a continuous c losed  loop cycle .  

r equ i r ing  only  f a c i l i t y  GN and power f o r  operat ion.  2 
Opera t iona l  Descr ip t ion  - The u n i t  is  manually operated.  F lu id  flow i s  con- 

t r o l l e d  by hand valves and p re s su re  levels are con t ro l l ed  by hand loaded r egu la to r s .  

Flushing i s  accomplished by p re s su r i z ing  t h e  u l l a g e  space of t he  s t o r a g e  tank caus- 

ing  f l u s h i n g  f l u i d  t o  flow through t h e  contaminated system and back t o  t h e  sump tank 

via hoses.  

through t h e  system. 

Following t h e  f l u s h ,  t h e  f l i g h t  system is d r i e d  by flowing warn GN2 

The gas is warmed by an i n t e g r a l  hea t e r .  

I n t e r f a c e  Def in i t i on  - Clean dry f a c i l i t y  GN electrical power and connection 2' 
t o  t h e  p rope l l an t  d i s p o s a l  system is  requi red .  

f a c i l i t y  GN 2 
po in t  i s  -60'F minimum. 

p o r t s  and loading OSE hoses and te rmina l  f i t t i n g s .  

P a r t i c u l a t e  contamination of t h e  

supply must n o t  be  g r e a t e r  than  25 microns absolu te .  Required dew 

The u n i t  i n t e r f a c e s  w i th  the TPS ox id i ze r  tank se rv i c ing  

R e l i a b i l i t y  and Safe ty  Considerat ions - During ope ra t ion ,  t h e  Flush and Purge 

Unit i s  connected t o  d i s p o s a l  system t o  prevent  i nadve r t en t  vent ing  of t o x i c  vapors. 

6.2.5.7 MMH Flush and Purae Unit 

I d e n t i f i c a t i o n  and Usage - This  u n i t  i s  used t o  f l u s h  and purge a contaminated 

TPS f u e l  loop o r  a s soc i a t ed  loading equipment. The design of t h i s  u n i t  is  i d e n t i c a l  

t o  t h e  N 0 

changes and t h e  use  of isopropanol  as a f lu sh ing  f l u i d .  

6.2.5.8 

Flush and Purge Unit ,  shown i n  Figure 6.2-7, except  f o r  minor material 
2 4  

N2Hh Flush and Purge Unit 

I d e n t i f i c a t i o n  and Usape - This  u n i t  is  used t o  f l u s h  and purge a contaminated 

RCS f u e l  loop o r  a s soc i a t ed  loading equipment. 

t o  t h e  N 0 Flush and Purge Unit ,  shown i n  F igure  6.2-7, except f o r  minor material 

changes and t h e  use  of isopropanol  as a f lu sh ing  f l u i d .  I n  a d d i t i o n ,  t h e  f lu sh ing  

and purging i s  achieved by cyc l ing  t h e  tank bellows r a t h e r  than  by flowing f lu sh ing  

f h i s  through t h e  sys  t e m .  

6.2.5.9 Propulsion Subsystem Tool Se t  

The design of t h i s  u n i t  is  i d e n t i c a l  

2 4  

I d e n t i f i c a t i o n  and Usage - These t o o l s  are used t o  maintain and perform mechan- 

ical  opera t ions  on t h e  TPS and RCS during test and maintenance opera t ions .  
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The set is used a t  t h e  CB Con t r ac to r ' s  Fac tory  and a t  KSC. 

Design Requirements and Cons t r a in t s  - The set i s  designed t o  m e e t  t h e  follow-  

ing  requirements:  

a .  

b. 

Opening and c l o s i n g  t h e  RCS and TPS se rv i c ing  and test p o r t s  and valves. 

Welding caps  on valve a c t u a t i n g  openings, s e rv i c ing  p o r t s  and test p o r t s ,  

fol lowing se rv i c ing  

Prevent ing  sparks  o r  temperatures  which could cause f i r e  o r  explosion.  c. 

P h y s i c a l - C h a r a c t e r i s t i c s  - The set c o n s i s t s  of two major elements,  a k i t  of 

hand t o o l s  suppl ied  i n  a s u i t c a s e ,  and a mobile induct ion  welding u n i t .  

Opera t iona l  Descr ip t ion  - The set i s  manually operated.  The hand t o o l s  f i t  

t h e  subsystem wrenching mechanisms t o  provide a method of opening and c los ing  t h e  

va lves .  The welding u n i t  p rovides  t h e  c a p a b i l i t y  t o  weld t h e  c losu re  caps i n  

p lace .  

t o  l o c a l i z e  hea t ing  t o  t h e  cap area and t o  main ta in  EM1 wi th in  s p e c i f i e d  l e v e l s .  

A l l  t o o l s  are made of non-sparking material. The welding t o o l s  are designed 

-- I n t e r f a c e  D e f i n i t i o n  - The set i n t e r f a c e s  w i th  f a c i l i t y  power. 

6.2.5.10 ESF Prope l l an t  Disposal  System 

-- I d e n t i f i c a t i o n  and Usage - This  system, which i s  i n s t a l l e d  a t  t h e  ESF, is used 

t o  d ispose  of p rope l l an t  l i q u i d  and vapor r e s u l t i n g  from a normal t r a n s f e r  opera t ion ,  

scheduled dese rv i ce ,  vent ing  during s t e r i l i z a t i o n  o r  o t h e r  p rope l l an t  opera t ions .  

The system a l s o  provides t h e  c a p a b i l i t y  t o  perform emergency dese rv i ce  opera t ions .  

A block diagram, schematic,  and conceptual  drawing are shown i n  Figure 6.2-8. 

Design Requirements and Cons t r a in t s  - The system i s  designed t o  m e e t  t h e  

fol lowing requirements:  

a.  Co l l ec t ing  p rope l l an t  l i q u i d  and vapor from t h e  loading OSE, p ropuls ion  

subsystems o r  from t h e  Capsule Bus. 

b. Disposing of p rope l l an t  l i q u i d  and vapor .  

c. I n t e n t i o n a l l y  rup tu r ing  t h e  f l i g h t  subsystem c a n i s t e r  membrane and r u p t u r e  

d i s k s  f o r  emergency p rope l l an t  deserv ic ing .  

d. Purging t h e  c a n i s t e r  i n t e r i o r  wi th  i n e r t  gas  i n  t h e  event  of a p rope l l an t  

l eak .  

Phys ica l  C h a r a c t e r i s t i c s  - The system is  permanently i n s t a l l e d  a t  t h e  ESF 

and c o n s i s t s  of f u e l  and ox id i ze r  te rmina l  boxes, vent  s t acks ,  vent  burners ,  

r u p t u r e  system and gaseous purge system. 

Operat ional  Descr ip t ion  - Af te r  i n i t i a l  s ta r t- up,  p rope l l an t  d i s p o s a l  is 

accomplished au tomat ica l ly .  P r o p e l l a n t s  are introduced i n t o  t h e  system a t  t h e  

te rmina l  boxes where they  are routed t o  t h e  vent  s t a c k  via in te rconnect ing  
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ESF PROPELLANT DISPOSAL SYSTEM 

BLOCK DIAGRAM 
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Figure 6.2-8 
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plumbing. P r e s s u r e  a t  t h e  te rmina l  boxes i s  subambient. 

are mixed wi th  propane and forced  up, under a p o s i t i v e  p re s su re ,  t o  t h e  vent  burners  

where i n c i n e r a t i o n  t akes  p lace .  Burning is used as t h e  d i s p o s a l  mechanism t o  

p o s i t i v e l y  e l i m i n a t e  t h e  e j e c t i o n  of t o x i c  contaminates i n t o  t h e  air .  

purge sequence is accomplished au tomat ica l ly  when a command is  rece ived  from t h e  

Hazard A l a r m  and Monitor System. Gaseous helium d i r e c t e d  t o  t h e  c a n i s t e r  overboard 

vent  l i n e s  r u p t u r e s  t h e  c a n i s t e r  membrane and propuls ion  subsystem b u r s t  d i s c s ,  and 

p r e s s u r i z e s  t h e  p r o p e l l a n t  tanks.  

board vent  l i n e s  are valved i n t o  t h e  vent  s tack .  

s e rv i c ing  of t h e  p rope l l an t  tank  r e q u i r e s  about 15  seconds. 

100 SCFM i s  au toma t i ca l ly  purged through t h e  c a n i s t e r  via  f l e x i b l e  hoses.  

----. I n t e f a c e  Def in i t i on  - The system i n t e r f a c e s  wi th  t h e  fol lowing:  

a.  

b. Connecting t o  t h e  CB overboard vent  l i n e s  and c a n i s t e r  ven t  va lve  

c. 

I n  t h e  vent  s t a c k  they  

The dump and 

Three seconds later t h e  p r o p e l l a n t s  from t h e  over- 

From i n i t i a t i o n  t o  complete de- 

GN2 a t  t h e  ra te  of 

Commands from t h e  Hazard A l a r m  and Monitor System 

F a c i l i t y  GN2, power and propane 

6.2.5.11 - Launch Pad P rope l l an t  Disposal  System 

I d e n t i f i c a t i o n  and Usagg - This system i s  i n s t a l l e d  a t  launch pad 39, and is  

used f o r  emergency p rope l l an t  dese rv i ce ,  f o r  purging t h e  i n t e r i o r  of t h e  CB Can- 

ister,  and f o r  d i spos ing  of t h e  w a s t e  p r o p e l l a n t s  r e s u l t i n g  from t h e  dese rv i ce  oper- 

a t i o n .  A block diagram, schematic and conceptual drawing are shown i n  F igure  

6.2-9. 

Design Requirements and Cons t r a in t s  - The system i s  designed t o  m e e t  t h e  f o l -  

lowing requirements:  

a.  I n t e n t i o n a l l y  rup tu r ing  t h e  f l i g h t  subsystem Canis te r  membrane and r u p t u r e  

d i s c s  f o r  emergency p rope l l an t  deserv ic ing .  

Purging t h e  Canis te r  i n t e r i o r  i n  t h e  event  of a p rope l l an t  leak .  b. 

c. Disposing of p r o p e l l a n t  l i q u i d  and vapor. 

Phys i ca l  C h a r a c t e r i s t i c s  - The system i s  permanently i n s t a l l e d  a t  t h e  launch 

pad and c o n s i s t s  of f u e l  and ox id i ze r  te rmina l  boxes, ven t  s t a c k s ,  vent  burners ,  

r u p t u r e  system and gaseous purge system. Fur ther  s tudy of t h e  requirements f o r  

emergency dese rv i ce  a t  t h e  launch pad ve r sus  t h e  a s soc i a t ed  i n t e r f a c e  p e n a l t i e s  

i s  requi red  during Phase C. 

Opera t iona l  Deszr ip t ion  - Operation of t h i s  system i s  i d e n t i c a l  t o  t h e  ESF 

Prope l l an t  Disposal  System i n  t h e  dese rv i ce  and purge mode. 

I n t e r f a c e  D e f i n i t i o n  - To opera te ,  t h e  system must be connected t o  t h e  CB -- 
a t  t h e  launch pad. Two a l t e r n a t i v e s  are a v a i l a b l e  f o r  making t h e  connection 
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LAUNCH PAD PROPELLANT DISPOSAL SYSTEM 

BLOCK DIAGRAM 
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The f i r s t  approach r e q u i r e s  a door i n  t h e  PV shroud t o  provide  access t o  t h e  CB 

connectors.  

Se rv ice  S t r u c t u r e  i s  moved away. The second method i s  t o  i n t e r f a c e  t h e  system 

through a fly-away umbi l ica l  a t  t h e  PV shroud mold l i n e .  This approach provides 

dese rv ice  c a p a b i l i t i e s  up t o  l i f t  o f f .  I n  a d d i t i o n  t o  t h e  above, t h e  fol lowing 

i n t e r f a c e s  are required:  

This approach provides  dese rv ice  c a p a b i l i t i e s  only u n t i l  t h e  Mobile 

a .  Commands from t h e  Hazard A l a r m  and Monitor System 

b.. Connecting t o  t h e  CB overboard vent  l i n e s  and t h e  c a n i s t e r  vent  va lves  

c .  F a c i l i t y  power, GN2 and f a c i l i t y  propane 
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SECTION 7 

SPACECRAFT-MOUNTED CAPSULE BUS SUPPORT EQUIPMENT OSE (SCME) 

Four Capsule Bus support  Telecommunications subsystems are p h y s i c a l l y  l o c a t e d  

i n  t h e  Spacecraf t .  Complete subsystem- level test c a p a b i l i t y  f o r  t h e s e  subsystems 

is  provided by t h e  CB/SC TCM Subsystems T e s t  S e t  (SSTS). 

7 .1  EQUIPMENT IDENTIFICATION AND USAGE - The SSTS is used t o  acceptance test  t h e  

fol lowing CB/SC TCM subsystems: 

a. Support Radio 

b. Support Data Storage 

c. F l i g h t  Capsule Command Decoder 

d. Support Telemetry Equipment 

I n  a d d i t i o n ,  t h e  equipment is  used f o r  compat ib i l i ty  and q u a l i f i c a t i o n  t e s t i n g  

o f  t h e  CB/SC TCM subsystems, f o r  f l i g h t  capsule  i n t e g r a t i o n  t e s t i n g  and f u n c t i o n a l  

t e s t i n g  at t h e  Capsule Bus c o n t r a c t o r ' s  f a c i l i t y  and a t  KSC f o r  cont ingencies .  

7.2 DESIGN REQUIREMENTS AND CONSTRAINTS - The SSTS performs t h e  following func t ions :  

a. 

b .  

C. 

d. 

0 

0 

0 

0 

0 

0 

0 

e. 

f .  

Provides two s t a b l e  FSK-modulated UHF s i g n a l s  t o  test t h e  support  r a d i o  

receivers and d i v e r s i t y  combiner. 

Provides  s imulated se r ia l  PCM d a t a  t o  v e r i f y  performance of t h e  command 

decoder and te lemetry  equipment. 

Provides decommutation of t h e  te lemetry  d a t a  from t h e  f l i g h t  capsule  TM 

d a t a  d i s t r i b u t i o n  u n i t  a t  t h e  4 ,  7, 273, and 2730 bps d a t a  rates. 

I n t e r f a c e s  w i t h  an automat ic  processor  f o r  automat ic  test sequencing. The 

equipments t h a t  accep t  external c o n t r o l  i n  t h i s  mode are: 

D i g i t  a1 vo l tmete r  i n p u t  select or  

Counter i n p u t  s e l e c t o r  

Telemetry c o n t r o l l e r  

P r i n t e r  i n p u t  s e l e c t o r  

Command genera to r  

CB/SC mode c o n t r o l  

C a n i s t e r  and Adapter TM genera to r  

Provides p r in t- out  of t h e  output  d a t a  of t h e  d i g i t a l  vo l tmete r ,  counter ,  

te lemetry  decommutator and t h e  automat ic  processor .  

Provides a d i s p l a y  u n i t  t o  permit  s e l e c t a b l e  channels of te lemetry  d a t a  t o  

be viewed f o r  a quick- look a n a l y s i s .  
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7.3 

a rd  e l e c t r o n i c  equipment cab ine t s  as shown in  Figure 7.3-1. 

t h e  test  set is approximately 1500 pounds. AC power consumption is  es t imated  t o  be 

3700 w a t t s  . 
7 . 4  

automatic  checkout of t h e  combined CB/SC TCM subsystems. 

v ides  manual checkout of t he  i n d i v i d u a l  CB/SC TCM subsystems. 

diagram, F igure  7.4-1. 

PHYSICAL DESCRIPTION - The CB/SC TCM Subsystems T e s t  S e t  i s  housed i n  s i x  stand-  

The t o t a l  weight of 

OPERATIONAL DESCRIPTION - The CB/SC TCM Subsys t e m  T e s t  Set  provides manual o r  

This equipment a l s o  pro- 

See f u n c t i o n a l  b lock  

I n  t h e  automatic  mode, t he  processor  genera tes  i n s t r u c t i o n s  from t h e  test program 

and rou te s  t h e  i n s t r u c t i o n  t o  t h e  proper  p o r t i o n  of t h e  test set f o r  execution. A l l  

po r t i ons  of t h e  test  set  which are automatic  are a l s o  capable of manual con t ro l .  

The automatic  processor  a l s o  selects t h e  source  of t h e  d a t a  f o r  processor  en t ry .  

Data is  a v a i l a b l e  from the  d i g i t a l  vo l tmeter ,  counter ,  o r  te lemetry process ing  

equipment. 

The CB/SC mode c o n t r o l  pane l ,  under manual o r  automatic  d i r e c t i o n ,  supp l i e s  t he  

power and c o n t r o l  s t i m u l i  necessary t o  e x e r c i s e  t h e  combined CB/SC TCM subsystems 

i n  a l l  of t h e i r  ope ra t iona l  modes. Control  s i g n a l s  are suppl ied  t o  t he  f l i g h t  u n i t s  

via  t h e  d i r e c t  access connectors.  

The Can i s t e r  and Adapter TM genera tors  provide s imulated d a t a  as inpu t s  t o  t h e  

d a t a  d i s t r i b u t i o n  u n i t .  This w i l l  be p a r a l l e l  da ta ,  v a r i a b l e  over t h e  l i m i t s  of t he  

va r ious  f l i g h t  o p e r a t i o n a l  modes. 

The command genera tor  provides s imulated command d a t a  t o  t h e  command decoder. 

The genera tor  is capable of manual o r  remote opera t ion  by t h e  processor .  

manual mode, command comparison wi th  t h e  command decoder output  i s  performed by 

l o g i c  i n  t he  command genera tor .  I n  t h e  automatic  mode, command comparison i s  

performed by the  automatic  processor .  

I n  t h e  

Two UHF test transmitters are provided f o r  simultaneous checkout of t h e  two 

CB/SC receivers and t h e  d i v e r s i t y  combiner. 

t h e  test t r a n s m i t t e r s  is  suppl ied  by t h e  te lemet ry  s i g n a l  s imula tor .  P rec i s ion  

v a r i a b l e  a t t e n u a t o r s  are suppl ied  i n  t h e  tes t  t r a n s m i t t e r  t o  vary the  RF inpu t  level 

t o  f a c i l i t a t e  s e n s i t i v i t y  and dynamic range measurements. 

f o r  i n j e c t i n g  n o i s e  on t h e  RF carrier. 

as p a r t  of t h e  TM signal s imula tor  t o  permit  i n j e c t i o n  of no i se ,  j i t t e r ,  wow and 

b a s e l i n e  o f f s e t  of t h e  modulation s i g n a l .  

The FSK modulation signal f o r  d r i v i n g  

A no i se  source is provided 

Also, a pe r tu rba t ion  genera tor  i s  suppl ied  

7-2 

REPORT F694 e VOLUME 11 0 PART D e 31 AUGUST 1967 

MCDONNELL ASTRONAUTICS 



x 
0 0  
t -  o " %  .- 

n 

Figure 7.3-1 

7-3 

REPORT F694 0 VOLUME 11 0 PART D 0 31 AUGUST 1967 

MCDONNELL ASTRONAUTICS 



CB/SC - MOUNTED TELECOMMUNICATIONS SSTS FUNCTIONAL BLOCK DIAGRAM 
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The te lemet ry  process ing  p o r t i o n  of t h e  subsystems test set  c o n s i s t s  of t h e  

fol lowing:  

a. TM c o n t r o l l e r  

b.  TM s i g n a l  s imu la to r  

c. TM s i g n a l  condi t ioner  

d. Frame synchronizer  

e. Data d i s t r i b u t o r  

f .  Pe r tu rba t ion  genera tor  

The TM c o n t r o l l e r  is con t ro l l ed  by t h e  automatic  processor .  This u n i t  auto- 

mat i ca l ly  sets up t h e  proper  b i t  rate, inpu t  code, p o l a r i t y ,  d e t e c t o r  type,  phase- 

locked-loop width,  cap ture  and t r ack ing  range and output  code of t he  TM s i g n a l  

s imula tor ,  t h e  TM frame synchronizer ,  subf rame synchronizers  , t h e  d a t a  d i s t r i b u t o r  , 
and the  TM s i g n a l  condi t ioner .  During t h e  manual ope ra t ing  mode and i n  t e s t i n g  t h e  

ind iv idua l  TCM subsystems, t h e  parameters are s e l e c t e d  by manual switches on t h e  

i n d i v i d u a l  equipment f r o n t  panels .  

The DVM input  s e l e c t o r ,  counter  i npu t  s e l e c t o r  and p r i n t e r  i npu t  s e l e c t o r  

provide manual o r  automatic  c o n t r o l  of t h e  d a t a  being suppl ied  t o  t h e  r e spec t ive  

u n i t s .  I n  t h e  case of t h e  DVM and counter ,  range and func t ion  are a l s o  con t ro l l ed  

by t h e  inpu t  s e l e c t o r .  The p r i n t e r  p r i n t s  ou t  decommutated t e l e m e t r y  d a t a  during 

s imulated c r u i s e ,  i n- f l i g h t  checkout,  de- orbi t  c r u i s e ,  e n t r y  and landing phase modes. 

Data from t h e  DVM, counter  and from t h e  processor  can be p r i n t e d  out.  Data p r i n t  out 

is  i n  real t i m e .  

P rovis ions  are made f o r  automatic o r  manual self- check of t h e  OSE. Self- checks 

are performed wi thout  test i n t e r r u p t i o n .  The DVM and counter  input  s e l e c t o r s  con- 

t a i n  c a l i b r a t e d  input  pos i t i ons .  

the  instrument  output ,  by p r in t- ou t  on t h e  p r i n t e r ,  and/or by v i s u a l  readout.  

t e lemet ry  processing equipment can be checked by applying a known inpu t  from t h e  

PCM s imula tor  and by checking t h e  output  on t h e  p r i n t e r ,  d i s p l a y  u n i t  o r  by t h e  

processor .  A c o n t r o l  and monitor pane l  is  provided f o r  each subsystem t o  provide 

power and test s t i m u l i  t o  t h e  subsystem under test. Inpu t s  t o  t h e  subsystem are 

made t o  both f l i g h t  and d i r e c t  access connectors.  T e s t  requirements of t h e  sub- 

systems are d e t a i l e d  i n  F igures  7.4- 2, 3 ,  4 ,  and 5 .  

7.5 INTERFACES - The CB/SC TCM SSTS i n t e r f a c e  with the  spacecraft-mounted TCM 

subsystems as fol lows : 

Cal ib ra t ion  can be v e r i f i e d  by t h e  processor  a t  

The 

a. Ind iv idua l  Subsystems Tes t ing  - During ind iv idua l  subsystems t e s t i n g ,  t h e  
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TCM SSTS i n t e r f a c e s  w i t h  both  t h e  f l i g h t  connectors and d i r e c t  access 

connector of each subsystem. (See Figure  7.5-1) 

b .  Combined Subsystem Test ing - During combined subsystem t e s t i n g ,  t h e  TCM 

SSTS i n t e r f a c e s  wi th  t h e  d i r e c t  access connectors of each subsystem and 

the f l i g h t  connectors which i n t e r f a c e  wi th  o t h e r  than TCM subsystems. 

(See Figure  7.5-2). 

SUPPORT RADIO SUBSYSTEM TEST REQUIREMENTS 

TEST 

Threshold S i g n a l  

AGC Voltage 

Local O s c i l l a t o r  Frequency 

Mixer Current 

Power Supply Voltage 

DC Current Drain 

Dynamic Range 

Bandwidth 

Image Reject ion 

Demodulation/Video T e s t  

RF Inpu t  Impedance 

TM Monitors 

Video Output Detector  

TEST 

MEASURING INSTRUMENT 

T e s t  Transmitter/Spectrum 

Analyzer 

D i g i t a l  Voltmeter 

Counter 

D i g i t a l  Voltmeter 

D i g i t  a1 Voltmeter 

D i g i t a l  Voltmeter 

T e s t  Transmitter/Spectrum 

Analyzer 

T e s t  Transmitter/Spectrum 

Ana l y  z er 

T e s t  Transmitter/Spectrum 

Analyzer 

Scope/Wave Analyzer 

Network Analyzer 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

ACCURACY 

1 db 

2 %  

1 x 

5 %  

0.1 % 

5 %  

1 db 

5 %  

1 db 

5 %  

5 %  

2 %  

2 %  

Figure 7.4-2 

FLIGHT CAPSULE COMMAND DECODER TEST REQUIREMENTS 

Power Supply Voltage 

Power Supply Current 

Inpu t  Command Data Word 

P a r i t y  

Decoded Commands 

Command Event 

B i t  Svnc. 

MEASURING INSTRUMENT 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

Scope/Command Generator 

S cop e / Command Genera t o r  

S cop e / Command Gene rat o r 

S cop e /Command Generator 

Scope/Command Generator 

ACCURACY 

3 %  

3 %  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

Figure 7.4-3 
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SUPPORT TELEMETRY SUBSYSTEM TEST REQUIREMENTS 

I TEST 

Data D i s t r i b u t i o n  Unit 

Power Supply Voltape 

Power Supply Current 

Input  Clocks 

Output Clocks 

Input  Data 

Output Data 

Inpu t  Comands 

Operating Sequence 

Output Commands 

Support Equipment Commutator 

Power Supply Voltmeter 

Power Supply Current 

Inpu t  Clock 

Commutation Sequence 

Inpu t  Analog S igna l s  

Data Output 

Conversion Accuracy 

MEASURING INSTRUMENT 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

Scope/TM Signa l  Simulator 

Scope/TM Process ing Equip. 

TM Data Connector 

Scope/TM Process ing Equip. 

Scope/Command Generator 

Scope/TM Process ing Equip. 

Scope/TM Process ing Equip. 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

TM S i g n a l  Simulator 

Scope/TM Process ing Equip. 

D i g i t a l  Voltmeter 

Scope/TM Process ing Equip. 

TPI Gen./TM Process ing Equip. 

ACCURACY 

3 %  

3 %  

D i g i t a l  
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D i g i t a l  
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D i g i t a l  
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Figure 7.4-4 
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SUPPORT DATA STORAGE SUBSYSTEM TEST REQUIREMENTS 

TEST 

Input  Data 

Output Data 

Memory llOverflowll S igna l  

Memory "Empty" S igna l  

Power Supply Voltage 

Power Supply Current  
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Output Clock Frequency 

Sequencing Clock Frequency 

Tape Speed 
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Tape Motor Drive Voltage 
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Command V e r i f i c a t i o n  
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Scope/TM Processing Equip. 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

Counter/TM S igna l  Simulator  

Counter/TM Processing Equip. 

Scope/TM Processing Equip. 

Counter 

D i g i t a l  Voltmeter . 

D i g i t a l  Voltmeter 

D i g i t a l  Voltmeter 

Counter 

Osci l loscope 

D i g i t a l  Voltmeter 

ACCURACY 

D i g i t a l  

D i g i t a l  

2 %  

2 %  

2 %  

2 %  

D i g i t a l  

D i g i t a l  

Diqi  t a1 

1 %  

2 %  

2 %  

2 %  

1 %  

3 %  

2 %  

Figure 7.4-5 
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CB/SC-MOUN TED TELECOMMUNICATIONS SSTS INTERFACE DIAGRAM 

(INDIVIDUAL SUBSYSTEMS TESTING) 
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Figure 7.5-1 
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CB/SC -MOUNTED TELECOMMUNICATIONS SSTS INTERFACE DIAGRAM 
(COMBINED SUBSYSTEMS TESTING) 
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Figure 7.5-2 
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SECTION 8 

SOFTWARE 

Software i s  t h e  v i t a l  l i n k  between t h e  opera to r ,  t h e  test program, and t h e  

test equipment. It provides a means t o  t r a n s l a t e  commands, in te rconnec t  equipment, 

and ga the r  and format t h e  response data .  

d a t a  from t h e  i n i t i a l  test t o  launch,  and use  of t h a t  d a t a  f o r  analyses  and dec i s ion  

making are s i g n i f i c a n t  requirements t o  ensure  t h e  success  of t h e  VOYAGER Program. 

T h i s  s e c t i o n  desc r ibes  t h e  t o t a l  sof tware  package development and management 

Accurate and t imely compilat ion of t h e  

f o r  t h e  Capsule Bus through checkout and launch.  

are i d e n t i f i e d  and descr ibed f o r  each checkout phase. 

designed as an i n t e g r a t e d  hardware/software marriage,  u t i l i z i n g  economic and rel i-  

a b i l i t y  m e r i t s  of each i n  reaching dec i s ions  f o r  t r a d e o f f s .  

8.1 

r e l i a b l e ,  and repea tab le  test sequencing and d a t a  process ing,  and provides uniform 

sof tware  documentation and c o n t r o l  w i t h i n  major c o n t r a c t o r  t a s k  areas. Software 

conf igura t ion  used i n  any given checkout opera t ion  must b e  uniquely i d e n t i f i a b l e  

and i n t e r n a l  process ing r o u t i n e s ,  as w e l l  as major test programs, are included i n  

conf igura t ion  c o n t r o l .  

8.1.1 Philosophy - E f f i c i e n t  sof tware  management r e q u i r e s  t h a t  t h e  t o t a l  sof tware  

package under development be divided i n t o  s m a l l  manageable areas. 

concept uses t h e  n a t u r a l  d i v i s i o n  of d i s c i p l i n e  between machine language program- 

ming (support  sof tware)  and test language programming (opera t iona l  software)  t o  

e s t a b l i s h  l o g i c a l l y  separate sof tware  packages. 

ca tegor ized as follows : 

Where separable ,  program packages 

The t o t a l  OSE program i s  

SOFTWARE MANAGEMENT - Disc ip l ined  management of sof tware  packages ensures  s a f e ,  

Our packaging 

These b a s i c  packages are f u r t h e r  

o Support Software f o r  Subsystem T e s t  S e t s  (SSTS) 

o Opera t ional  (Test)  Software f o r  Subsystem T e s t  S e t s  (SSTS) 

o Support Software f o r  Systems T e s t  Complex (STC) 

o Operat ional  Software f o r  Systems T e s t  Complex (STC) 

o Common (SSTS/STC) Support Software 

o Mission Dependent Equipment (MDE) Software 

SOFTWARE PACKAGING - The fol lowing paragraphs d e s c r i b e  t h e  concept and con- 8.2 

f i g u r a t i o n  f o r  suppor t  and opera t iona l  sof tware  packaging of both SSTS and STC. 

8.2.1 

language conversion,  program compilat ion and p repara t ion  of h igher  level software.  

Routine u t i l i t y  sof tware  and computer d i a g n o s t i c / s e l f - t e s t  programs f a l l  i n t o  t h i s  

category.  

SSTS Support Software - This sof tware  provides t h e  b a s i c  t o o l s  f o r  machine 

Support sof tware  inc ludes  those  program packages t h a t  would normally 
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be run o f f- l i n e  p r i o r  t o  o r  a f ter  a per iod  of checkout o r  as background work i n  a 

time-shared system. 

8.2.1.1 SSTS P e c u l i a r  - The SSTS p e c u l i a r  support  so f tware  includes:  

o A u t i l i t y  package comprising such programs as 

Copy, Dump and Compare, Character  Conversion Routines and o t h e r  b a s i c  pro- 

grams usua l ly  requi red  f o r  computer opera t ion .  This  sof tware  is  gene ra l ly  

a v a i l a b l e  from t h e  computer manufacturer i n  a checked out  and usable  form. 

An assembler f o r  genera t ing  machine language programs and poss ib ly  a 

For t r an  type  compiler. 

manufacturer i n  a checked ou t  and usable  form. 

Memory Dump, Paper Tape 

o 

These w i l l  also. be suppl ied  by t h e  SSTS computer 

Computer d i agnos t i c s  f o r  both maintenance and on- line v e r i f i c a t i o n  of t h e  

computer. These d i agnos t i c s  must v e r i f y  t h e  ope ra t iona l  readiness  of t h e  

computer l o g i c ,  computer memory, and a l l  p e r i p h e r a l  equipment. They w i l l  

be furn ished  by t h e  computer manufacturer and w i l l  be  expanded as 

necessary t o  accomodate ope ra t iona l  developments. I n  a d d i t i o n  t o  t h i s ,  

t h e  Capsule Bus con t r ac to r  w i l l  f u r n i s h  a self check d i agnos t i c  and r ead ines s  

test f o r  t h e  Capsule Bus SSTS. 

A quick- look test r e s u l t s  processor .  This  processor  w i l l  produce hard 

copy output  from t h e  paper  t ape  generated on- line by t h e  SSTS computer 

during subsystem tests. 

and measurements made, wi th  t i m e ,  and provides an  on-the-spot means of 

pos t- te s t  t r o u b l e  shoot ing ,  o r  near  real t i m e  d i sp l ay  of s e l e c t e d  da ta .  

SSTS Operat ional  Software - A l l  SSTS test programs executed/ in te rpre ted  i n  

0 

0 

The t ape  conta ins  a record of a l l  commands given 

8.2.2 

real-time c o n s t i t u t e  t h e  SSTS o p e r a t i o n a l  sof tware.  

SSTS Pecu l i a r  

o The b a s i c  SSTS p e c u l i a r  ope ra t iona l  program is t h e  SSTS Executive. This  

program accepts  mode c o n t r o l  and d i r e c t i o n  from t h e  c o n t r o l  panel  and 

provides p o s i t i v e  i n d i c a t i o n  of r ecep t ion  of d i r e c t i o n .  It a l s o  c o n t r o l s  any 

d i sp l ays  i n  t h e  SSTS and sequences a l l  opera t ions  of t he  test  equipment. The 

execut ive causes a l l  command sequences, measurements, and t i m e  t o  be recorded 

on paper  t ape  f o r  pos t- te s t  r e p o r t s  and t rend ana lys i s ,  and p e r i o d i c a l l y  

self- checks t h e  computer, without  i n t e r r u p t i o n  of any test i n  progress .  

program c o n t r o l s  t h e  remaining processors  i n  t h e  SSTS computer f o r  a l l  

requi red  t e s t i n g .  

The 

A t y p i c a l  execut ive  flow is shown i n  F igure  8.2-1. 
0 The SSTS Input loutput  Processor  handles  a l l  input- output between i ts  
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TYPICAL REAL TIME CHECKOUT EXECUTIVE PROGRAM FLOW 

Test  resul ts 

processor VIarm J 

Alarm interrupt results in 
alarm processor transferring 

routine would be dependent 
on function causing alarm. 

Alarm t o  a pre-defined alarm 
processor rout ine for action. The 

Request tes t  to  be run. Go 
to on- l ine mode or change 
mode (hold, resume, etc.) 

I I 
I . 

Determine next test  
statement (command, 
l im i t  check, measure-. 
ment, message, etc) 
to be executed. 

I 
I 

Perform 
tes t  

statement 

Note: Input/output processor 
would be  used internal ly 
by other processors as 
required. 

Figure 8,2-1 
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computer and t h e  remainder of t h e  SSTS and between the  computer and i ts  

p e r i p h e r a l  equipment. A l l  p rocessors  i n  t h e  SSTS computer w i l l  use  t h i s  

processor  f o r  t h e i r  Input/Output ( I / O )  t o  a s s u r e  c e n t r a l i z e d  con t ro l .  

The T e s t  Program I n t e r p r e t e r  Processor  func t ions  under c o n t r o l  of t h e  

Executive t o  keep t r a c k  of test s t e p  numbers and t o  a l low execut ion of each 

s t e p  of t h e  test procedure. It accep t s  t h e  output  of t h e  test procedures 

,preprocessor1 and monitors execut ion of i t .  

i d e n t i f i c a t i o n ,  da t e ,  t i m e  of day and serial number of equipment under test  

whenever i t  records  a test sequence on paper tape.  

o 

It a l s o  records and types test  

o The A l a r m  Processor  executes  shutdown rou t ines  i f  e i t h e r  t h e  monitor/alarm 

i n t e r r u p t  occurs  o r  i f  t h e  test engineer  r eques t s  i t .  These rou t ines  may 

be e i t h e r  permanently def ined  w i t h i n  t h e  processor  o r  def ined  by the  test 

procedure i n  progress  a t  t h e  t i m e  of t h e  alarm. 

o The On-Line Input  Processor  al lows modi f ica t ion ,  during holds,  of test 

l i m i t s  o r  program l o g i c  and al lows i n d i v i d u a l  s t i m u l i  and measurement 

c o n t r o l  from t h e  typewri te r .  A l l  a c t i o n s  i n  t h i s  mode are recorded as test 

r e s u l t s  and w i l l  be  included i n  any t rend  a n a l y s i s  o r  test  r e s u l t s  reduct ion.  

The i n d i v i d u a l  SSTS T e s t  Procedures f o r  each subsystem c o n s t i t u t e  t h e  

remaining ope ra t iona l  SSTS software.  

t hese  procedures w i l l  be  w r i t t e n  i n  t he  h i g h e s t  level language poss ib l e .  

The procedures w i l l  be executed under c o n t r o l  of t he  T e s t  Program 

I n t e r p r e t e r  and w i l l  c o n t r o l  a p p l i c a t i o n  of s t i m u l i ,  measure responses,  com- 

p a r e  measurements t o  l i m i t s  i n  percent  of f u l l  scale and output  mi les tone  

o r  malfunct ion d a t a  on hardcopy, etc.  

o 

Based on c o s t  and schedule f a c t o r s ,  

8.2.3 

test  set sof tware  and w i l l  b e  w r i t t e n  i n  t he  System T e s t  Complex (STC) computer 

machine/assembly language. 

8.2.3.1 

v i r t u a l l y  i d e n t i c a l  t o  those  s p e c i f i e d  f o r  t h e  SSTS i n  Sect ion 8.2.1.1. 

8.2.4 

STC ope ra t iona l  sof tware.  

8.2.4.1 STC Computer P e c u l i a r  

STC Support Software - The STC suppor t  sof tware  is  similar t o  t h e  subsystem 

STC Pecu l i a r  - The requirements f o r  t h e  STC p e c u l i a r  support  sof tware  are 

STC Opera t iona l  Software - A l l  real-time STC test  programs c o n s t i t u t e  t h e  

o The b a s i c  STC computer Pecu l i a r  Operat ional  Software Program w i l l  be  t h e  

STC computer Executive. 

STC Computer, respons ib le  f o r  a l l  sequencing of t h e  va r ious  processors  i n  

t h e  STC Computer, f o r  accept ingmodecont ro l  and d i r e c t i o n  from t h e  test 

This program will be t h e  c e n t r a l  c o n t r o l l e r  i n  t h e  
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d i r e c t o r ,  and f o r  keeping t h e  test d i r e c t o r  aware of what is happening a t  

a l l  t i m e s .  

than  a s p e c i f i e d  amount on a l i n e  p r i n t e r  f o r  any func t ions  t h a t  t h e  T e s t  

D i r e c t o r  d e s i r e s .  

tes t  site, range t i m e ,  alarms, test procedure s t e p  numbers, etc. f o r  post- 

test  r e p o r t s  and t r end  a n a l y s i s  and w i l l  p e r i o d i c a l l y  cause t h e  computer t o  

c y c l e  through s e l f - t e s t  d i agnos t i c s .  

The STC computer Input/Output Cont ro l  Processor  w i l l  handle d a t a  t r ans-  

miss ion  between t h e  computer and t h e  test equipment, and between t h e  com- 

Data suppress ion  w i l l  be accomplished when d a t a  varies by more 

The program w i l l  r ecord  command sequences,  measurements, 

o 

p u t e r  and i ts p e r i p h e r a l  equipment f o r  t h e  va r ious  processors  and t h e  STC 

computer Executive. 

p rocessor  t o  a s s u r e  t h a t  a l l  input /output  is  handled proper ly  and t o  

e l i m i n a t e  d e t a i l e d  1 / 0  dupl ica t ion .  

A l l  programs i n  the  STC computer w i l l  use  t h i s  

o The STC T e s t  Program I n t e r p r e t e r  w i l l  f unc t ion  under c o n t r o l  of t h e  Execu- 

t ive  t o  keep t r a c k  of test  s t e p  numbers and t o  al low execut ion of each s t e p  

of t h e  test  procedure. It w i l l  accept  t h e  output  of t h e  T e s t  Procedure 

Preprocessor  and monitor and c o n t r o l  execut ion of the  test program. It 
a l s o  w i l l  record and type out  test i d e n t i f i c a t i o n ,  da te ,  t i m e  of day, serial 

numbers of equipment under test, etc . ,  whenever i t  executes  a test o r  

d i r e c t s  the SSTS t o  execute a test. 

o The STC A l a r m  Processor  and On-Line Input  Processor  are similar t o  t h e  

SSTS processors  descr ibed  i n  paragraph 8.2.2. 

The Display Processor  w i l l  handle t he  updating of a l l  CRT and r e l a t e d  

types of d i sp l ays  a t  f i x e d  per iods  of t i m e  o r  a t  the  opt ion  of t h e  test  

d i r e c t o r .  The d i sp l ays  provide test  d a t a  i n  engineering un i t s .  Out-of- 

t o l e r ance  va lues  can be f lagged  as des i red .  The CRT-page type d i sp l ays  

w i l l  show pre-planned measurement da ta .  Fixed unassigned areas w i l l  be  

used f o r  d i sp l ay  of s e l e c t e d  parameters a t  t h e  test d i r e c t o r ' s  r eques t ,  

e l imina t ing  t h e  need t o  change pages i f  a func t ion  needs monitoring bu t  is  

n o t  on t h e  displayed page. 

o 

o The STC Launch Complex Equipment (LCE) and Deep Space Instrumentat ion 

F a c i l i t y  (DSIF) I n t e r f a c e  Processors  w i l l  a l low communication wi th ,  o r  

s imula t ion  of ,  t h e  va r ious  o t h e r  major support  equipments. A l l  i n t e r f a c e  

programming dea l ing  wi th  t h e s e  equipments w i l l  be  included i n  t hese  

processors .  

The i n d i v i d u a l  test procedures f o r  each subsystem o r  system w i l l  c o n s t i t u t e  o 
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t h e  remaining o p e r a t i o n a l  STC software.  

8.2.5 

t h e  test language used, and phys i ca l  proximity of t h e  computers, common programs 

f o r  SSTS and STC may b e  used. 

f i l e  maintenance processor ,  t h e  test program preprocessor ,  and t h e  test r e s u l t s  

processor .  

t o  SLS, ESP and CB, as w e l l  as both t h e  SSTS and STC computers. 

Common SSTS/STC Software - Depending upon t h e  computer system(s)  s e l ec t ed ,  

Examples descr ibed  below are: t h e  conf igu ra t ion  d a t a  

Common programs w i l l  be  used t o  process  o r  genera te  information r e l a t i n g  

o A conf igu ra t ion  d a t a  f i l e  maintenance program w i l l  maintain a d a t a  base  

conta in ing  a l l  t h e  informat ion  t h a t  t h e  automatic  systems equipment docu- 

mentat ion personnel  and test opera t ions  personnel  need f o r  l o c a t i n g  

measurements o r  s t imulus  po in t s .  

o The test program preprocessor  can be common f o r  t h e  SLS, ESP, and CB sub- 

systems and systems test  computers. This processor  should accept  test  

procedures i n  near-English and convert  them t o  a format understood by the  

SSTS o r  STC Executives.  

test procedure along wi th  s t e p  numbers, so t h a t  personnel  can i d e n t i f y  t h e  

exac t  p o i n t  i n  t h e  procedure i f  a hold i s  entered .  

accept  procedures  f o r  both t h e  SSTS and STC. I n  t h i s  way, po r t ions  of a 

subsystem test, w r i t t e n  f o r  use a t  a vendor's f a c i l i t y ,  can be  incorpora ted  

d i r e c t l y  i n t o  a system test. 

It is  extremely important  t h a t  no test  sequence c rea t ed  by t h e  computer 

sof tware  cause a s i t u a t i o n  t o  e x i s t  t h a t  i s  dangerous t o  e i t h e r  personnel  

o r  t h e  equipment under test. To a s s u r e  t h a t  such a sequence can n o t  occur ,  

t he  preprocessor  au tomat ica l ly  checks each procedure f o r  improper sequences. 

This provides a n  a d d i t i o n a l  safeguard over  and above t h e  safeguards  and 

p r o t e c t i v e  c i r c u i t s  i n  t h e  system and subsystem test  equipment. U s e  of t h e  

preprocessor  has  two o t h e r  advantages: The subsystem o r  system engineer  

need n o t  concern himself wi th  t h e  d e t a i l s  of computer organiza t ion  o r  a 

complicated p rog raming  language; procedures w i l l  be easier t o  understand 

and use; consequently t h e  test opera t ions  personnel  w i l l  r e q u i r e  minimum 

t r a i n i n g .  

e i t h e r  paper t ape  from the  SSTS o r  magnetic t ape  from the  STC. The program 

w i l l  be  a b l e  t o  reduce e n t i r e  tapes  and analyze d a t a  o r  s p e c i f i c  parameters 

between two given s t e p s  o r  t i m e s .  The processor  i s  a key element i n  t h e  

con t inu i ty  and a c c e s s i b i l i t y  of t h e  test h i s t o r y ,  and w i l l  perform t r end  

The preprocessor  w i l l  genera te  a l i s t i n g  of t h e  

The preprocessor  w i l l  

A test r e s u l t s  processor  w i l l  b e  requi red  which w i l l  accept  
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a n a l y s i s  and c a l c u l a t e  e lapsed  running o r  cyc l e  t i m e  of equipment under 

test. 

8.2.6 

mentation of MDE sof tware  f o r  t h e  Telemetry and Command Processor  (TCP) computer 

are e s s e n t i a l l y  t h e  same as t h e  approach descr ibed  above f o r  t h e  STC computer. 

s i m i l a r  packaging approach w i l l  be  employed, except t h a t  t h e  execut ive  and 

processor  programming requirements are s i g n i f i c a n t l y  reduced. 

ware requirements are descr ibed  i n  paragraph 4.5,  P a r t  D. 

8.3 SOFTWARE DEVELOPMENT - Because t h e r e  are several manufacturers and vendors 

p a r t i c i p a t i n g  i n  t h e  Capsule Bus program, it  is imperat ive t h a t  sof tware  development 

be c e n t r a l l y  con t ro l l ed  and coordinated.  Language format,  procedures and techniques 

w i l l  be  developed by t h e  Capsule Bus con t r ac to r  and suppl ied  t o  cognizant  organiza-  

t ions .  

i n  supplying t h e  f l i g h t  hardware and corresponding OSE, i n  conformance wi th  these  

procedures.  This  c e n t r a l i z e d  d i r e c t i o n  and c o n t r o l  of sof tware w i l l  be developed 

i n  concer t  wi th  hardware des ign  and test requirements i n t e g r a t i o n ,  r e s u l t i n g  i n  an 

e f f e c t i v e  and t imely software and test program. 

8.3.1 

w a r e  f o r  t h e  Sa turn  S- IVB Automatic Checkout System (ACS) has shown t h a t  s t r ic t  

c e n t r a l  o rganiza t ion  and c o n t r o l  ensures  t he  mul t i tude  of sof tware i n t e r f a c e s  w i l l  

m a t e  under a l l  environments. Cons is ten t ,  complete documentation, concurrent  wi th  

program development, w i l l  minimize f i e l d  support  and maintenance s t a f f i n g .  Common 

software between test area and checkout systems w i l l  minimize sof tware  maintenance 

c o s t s ,  maximize program r e l i a b i l i t y ,  and a s su re  test sequence r e p e a t a b i l i t y  between 

areas. 

and t h e  Capsule Bus test engineers  must t h ink  i n  common terms. 

8.3.2 

d e f i n i t i o n ,  programming, debugging, and production. These w i l l  b e  descr ibed  i n  

d e t a i l  below a 

8.3.2.1 Support Software Development - Figure  8.3-1 i s  t y p i c a l  of support  sof tware  

development. 

b i l i t y  t o  f u l l y  u t i l i z e  a v a i l a b l e  computing equipment. 

sof tware  design concept, i nd iv idua l  programs w i l l  be  def ined  i n  d e t a i l  i n  Software 

Request Documents (SRD). Once t h e  SRD is approved, d e t a i l e d  subrout ine  s p e c i f i c a t i o n s  

w i l l  be  prepared followed by a n a l y s i s ,  f low cha r t ing ,  and coding. The i n d i v i d u a l  

Mission Dependent Equipment (MDE) - The management, development, and docu- 

A 

The major MDE s o f t-  

T e s t  program sof tware  w i l l  be  developed by t h e  i n d i v i d u a l  vendors involved 

Philosophy - McDonnell-Douglas experience i n  developing s u p p o r t / t e s t  s o f t -  

This  is p a r t i c u l a r l y  t r u e  of t h e  test  language where the  customer, vendor, 

Development Phases - I n  genera l ,  sof tware  development has fou r  phases: 

The t o t a l  sof tware  package provides maximum r e l i a b i l i t y  and f l e x i-  

Cons is ten t  wi th  t h e  t o t a l  

r o u t i n e s  and checkout d r i v e r s  w i l l  be assembled/compiled, desk checked, and debugged. 

Then the  entire program w i l l  be  debugged as a n  e n t i t y  p r i o r  t o  documentation and 
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approval  f o r  product ion  s t a t u s .  

copy) w i l l  b e  maintained a t  the 

l i b r a r y  a t  KSC and appropr i a t e  vendors. 

8.3.2.2 

t y p i c a l  of test  program development. A minimum number of test programs w i l l  be  

developed t o  f u l l y  checkout t h e  F l i g h t  Capsule and i t s  subsystems i n  a l l  of i ts  

ope ra t ing  modes. 

d e f i n e  t h e  purpose of t h e  test, t h e  equipment t o  be  t e s t e d ,  and t h e  test  sequencing, 

cons t ra ined  by t h e  ope ra t ing  concepts.  

approved TRD's i n  t h e  VOYAGER test  language. 

source  tes t  program and produce a test sequence l i s t i n g  and an  o b j e c t  program f o r  

ope ra t ion  under c o n t r o l  of t h e  Executive. 

i n  c o r r e c t i n g  t h e  programs. Once t h e  program l i s t i n g  is  f r e e  of e r r o r  no te s ,  t he  

A central l i b r a r y  of test programs ( d i g i t a l  and hard 

Capsule Bus c o n t r a c t o r ' s  f ac to ry ,  w i th  a satel l i te  

Opera t iona l  Software Development - The procedures shown i n  F igure  8.3-2 are 

A T e s t  Requirement Document (TRD) w i l l  be  prepared t o  completely 

The test programs w i l l  be  prepared from 

The preprocessor  w i l l  process  t h e  

It a l s o  w i l l  produce e r r o r  no tes  f o r  use  

program w i l l  be  run a g a i n s t  t h e  In t eg ra t ed  Subsystem Bench T e s t  Unit  (ISBTU) which 

w i l l  s e r v e  two purposes: test opera t ions  personnel  w i l l  become f a m i l i a r  w i th  t h e  

test procedure and OSEequipment opera t ing  concepts;  and f u r t h e r  debugging of test  

procedures and test  equipment w i l l  be accomplished. The checked-out test  p r o g r m  

w i l l  then be copied; one copy w i l l  be  d i s t r i b u t e d  t o  each us ing  area, wi th  t h e  

master r e t a ined  a t  t h e  t ape  l i b r a r y .  P r i o r  t o  mating wi th  equipment t o  be t e s t e d ,  

OSE TRD's w i l l  be w r i t t e n  f o r  s e l f - t e s t  of t h e  OSE. 

f o r  a checkout area i s  depic ted  below: 

A t y p i c a l  test  phasing p l an  

o OSE manual s e t u p l c a l i b r a t i o n  procedures.  

o Automatic OSE end-item setup/self-testprocedures. 

o Automatic OSE s e l f - t e s t  (with s p e c i a l  pa tch ing/ rout ing  command s i g n a l s  t o  

measurement channels) .  

o Automatic OSE conf igu ra t ion  s e l f - t e s t  (patching configured t o  match t h e  

system under tes t ) .  

Mate t o  Subsystem Bench T e s t  Unit  o r  Proof T e s t  Model f o r  test development 

which w i l l  be  phased t o  minimize t h e  p o s s i b i l i t y  of endangering equipment 

due t o  improper manufacture o r  test sequencing. 

Mate t o  capsule/subsystem and perform automatic  checkout wi th  checked out  

test programs. 

o 

o 

T e s t  r e s u l t s  processing w i l l  be  performed t o  augment on- line test mi les tone  and 

malfunct ion da t a  f o r  p o s t- t e s t  t roubleshoot ing  and s e l l o f f .  

w i l l  be  used ex tens ive ly  during t h e  i n i t i a l  test development and test d i r e c t o r  

t r a i n i n g  phases.  

T e s t  r e s u l t s  processing 
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8.4 

r equ i r ed  t o  d e f i n e  p e r t i n e n t  s p e c i f i c a t i o n s  f o r  the suppor t  program. 

actual programming w i l l  begin only after t h e  s p e c i f i c a t i o n s ,  i nc lud ing  hardware and 

sof tware  i n t e r f a c e s ,  are reviewed and approved. 

a l s o  W i l l  be r equ i r ed  f o r  t h e  test procedures inc luding  a l l  sequence8 necessary  
f o r  any p o t e n t i a l  hardware / res t  d i r e c t o r  a c t i o n s ,  p r i o r  t o  compiling a test program. 

Deta i led ,  s tandard  format documentation m u s t  be  provided. 

d e s c r i p t i o n s  w i l l  i nc lude  input /output  s p e c i f i c a t i o n s ,  i n t e r f a c e  formats,  f low 

c h a r t s  a t  t h e  d e t a i l e d  sub rou t ine  level, and assembler/compiler l i s t i n g s  annota ted  

wi th  f u n c t i o n a l  explana t ions .  

d e s c r i p t i o n  of t h e  equipment under test, a f u n c t i o n a l  schematic/block diagram, a 

b r i e f  d e s c r i p t i o n  of t h e  purpose of t h e  test ,  and t h e  tes t  language processor  

l i s t i n g ,  which w i l l  con ta in  remarks desc r ib ing  major blocks of test. 

SOFTWARE CONTROL/DOCUMENTATION - A Software Request Document (SRD) w i l l  be  

The 

A T e s t  Requirement Document (TRD) 

Support program/routine 

T e s t  program documentation a l s o  w i l l  inc lude  a 

A l l  suppor t  and o p e r a t i o n a l  sof tware  are circumscribed by t h e  fol lowing s o f t-  

ware standards:  

a. 

b. 

C. 

d. 

Modular programming, applying subrout ine  techniques, w i l l  be  used. 

Standard format conversion rou t ines ,  t a b l e  lookups, etc. f o r  use by a l l  

programs w i l l  minimize programming development t i m e .  

For b u i l t - i n  e r r o r  checking and d i agnos t i c s ,  t h e  Executive-Supervisor 

w i l l  con ta in  a computer d i agnos t i c  r o u t i n e  t h a t  w i l l  be performed per iodi-  

c a l l y ,  poss ib ly  between test  s ta tement  execution. A b u i l t- i n  sof tware  

sens ing  f e a t u r e  w i l l  v e r i f y  t h a t  a l l  execut ive  program t a s k s  are being 

performed. 

Independent r o u t i n e s  w i l l  be  checked out  s epa ra t e ly ,  us ing  a bu i ld ing  

block approach, then i n t e g r a t e d  and debugged. The test cases and s imulated 

sof tware  i n t e r f a c e s  used f o r  debugging w i l l  become a p a r t  of t h e  r o u t i n e /  

program documentation f o r  later use. 

Uniform man-machine communication formats w i l l  be  used t o  e l imina te  

i n c o r r e c t  message i n t e r p r e t a t i o n s  and enable p o s i t i v e  commandlcontrol 

and test i n t e r v e n t i o n  as requi red .  

8.4.1 

and disadvantages of t h e  fou r  p r i n c i p a l  programming techniques: 

T e s t  Procedure Language - Following are b r i e f  d e s c r i p t i o n s  of t he  advantages 

a. Machine Language 

b. For t ran ,  etc. 

c. A Fixed-Format T e s t  Language 

d. A Free-Format T e s t  Language 
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Machine Language requires a programming specialist to prograrc the computer at a low 
level of machine instruction. 

operation. 

trained programmers to produce efficient and useful programs. 

required at each test area to prepare and maintain test programs. 

Many programming steps are required for even a simple 

Machine language is detailed and extremely complicated, and requires 

Programmers would be 

Fortran is an algebraic, higher level, scientific language. It can be used to 

write programs in a simpler form than machine language, but they would bear no re- 

semblance to manual procedures and a great deal of additional training would be re- 
quired before operations-type personnel could understand them. Also, large Fortran- 

type programs required on Voyager rapidly become as complicated and difficult to 

understand as machine language programs. It is probable that frequent excursions 
into machine language would be required, and obscure capabilities of the language 
would have to be used to achieve the capabilities needed for checkout. 

Test Languages, both Fixed and Free Format, have been used in automatic checkout by 
several contractors in the past, including McDonnell-Douglas. These languages, e.g. 

Saturn Test-Oriented Language (STOL), are usually oriented to general checkout, 

with some features unique to the parricular system due to peculiarities in designs. 

In a Fixed Format Language, fixed columns on an IBM card are reserved for the 

operator, the operand, etc. The cards must be filled exactly or the test language 
preprocessor program will consider it an error, thus necessitating a rerun because 
no object code would be generated. 

In mostFixed Format Languages the operand field is not large enough for a 

standard component title or even a recognizable abbreviation. 
grammer must know the system and OSE configurations well in advance of testing, un- 

less dummy symbols are assigned t o  known commands and measurements and later defined 
to the preprocessor or Executive by a cross-reference index. It is also awkward 

to provide for retention of several measurements so that arithmetic operations may 
be performed with a fixed field language. 

In a Free Format Test Language such restrictions are minimized or do not exist at 
all, as demonstrated in one checkout language used currently on the Saturn Program 

(STOL) . 
Summary 

Thus, the test pro- 

Both the Fixed and Free Format Test Languages. especially the latter, are far 

They do re- easier to understand and use than either Fortran or Machine Language. 

quire a special preprocessor to be written which will convert from the test language 

(English) form to a language the computer understands. The free format preprocessor 
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is more difficult to write than the fixed format preprocessor. 

believed that amortizing the free format test language preprocessor costs over the 

length of the VOYAGER program will cost less than the use of machine or Fortran 

languages when we consider the personnel training costs required for fixed format 

language implementation. On this basis, a Free Format Test Language is recommended 

for Capsule Bus software. 

8.5 
necessarily limited by cost considerations. 

ated on another computer. 

However, it is 

SUPPORT FACILITIES NEEDED - The SSTS peripheral equipment and memory are 
Therefore, test tapes will be gener- 

Depending on frequency of changes for the SSTS programs 

and availability of the STC computer(s), an interesting approach to this require- 

ment is the use of the STC computer as a support computer for SSTS's as well as for 
the STC itself. A detailed trade study of computer loads and availability will be. 
conducted to establish the usability of this approach. 
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SECTION 9 

OSE EQUIPMENT SUMMARY 

The Capsule Bus Opera t iona l  Support Equipment requirements  i d e n t i f i e d  dur ing  

Phase "B" are t abu la t ed  i n  F igure  9-1. 

handling equipment, and Mission Independent Equipment, which are considered GFE 

and are t o  be  suppl ied  by NASA o r  o t h e r  system con t r ac to r s .  

Included i n  t h i s  summary are s imula tors ,  

F igure  9-1 i l l u s t r a t e s  equipment requi red  a t  t h e  primary using areas, but  

P r i o r  t o  Phase C ,  a schedule and does n o t  i n d i c a t e  t h e  quan t i t y  requi red .  

quan t i t y  a n a l y s i s  w i l l  be  conducted t o  provide a more d e t a i l e d  s i te  u t i l i z a t i o n  and 

t h e  exac t  q u a n t i t y  of OSE requ i r ed  a t  each s i t e .  

t o  determine t h e  OSE requirements f o r  support  of development and q u a l i f i c a t i o n  

t e s t i n g  of t h e  te rmina l  guidance subsystem a t  Langley and t h e  ae ro  d e c e l e r a t o r  and 

r e a c t i o n  c o n t r o l  subsystems a t  White Sands. 

Addi t iona l  s tudy w i l l  be conducted 
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OSE EQUIPMENT SUMMARY 
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SECTION 1 0  

SUPPORTING ANALYSIS AND TRADE STUDIES 

This s e c t i o n  conta ins  a d i scuss ion  of t h e  approach t o  OSE concept s e l e c t i o n ,  

a l i s t  of s e l e c t e d  concepts and a l t e r n a t i v e s ,  and t h e  t r a d e  s t u d i e s  and ana lyses  t o  

support  t h e  major concepts.  

evaluated during Phase B y  and t h e  s e l e c t e d  approach are i l l u s t r a t e d  i n  F igure  10-1. 

A summary of t h e  major OSE concept a l t e r n a t i v e s  

S i g n i f i c a n t  concepts documented by t r a d e  s t u d i e s  are s u m a r i z e d  i n  Figure 10-2. 

10 .1  

engineering l o g i c  p a t t e r n  similar t o  t h a t  used f o r  f l i g h t  subsystem s e l e c t i o n .  

The process  relies heavi ly  upon engineering judgement and experience coupled wi th  

a knowledge of t h e  VOYAGER o b j e c t i v e s  and Capsule Bus design and test requirements.  

CONCEPT SELECTION APPROACH - The s e l e c t i o n  of OSE concepts fol lows a system 

Ground Operations and T e s t  P lan  - The In t eg ra t ed  Test Plan (Vol. V I ,  P a r t  B) 

descr ibes  t h e  test and ope ra t ions  performed on t h e  F l i g h t  Capsule from equipment 

i n s t a l l a t i o n  t o  launch. 

and opera t ions  requirements and forms t h e  b a s i s  f o r  OSE concepts.  

i t e r a t i o n  of OSE and test concepts are maintained throughout t h e  concept s e l e c t i o n  

process .  

Funct iona l  a n a l y s i s  of t h i s  p l an  e s t a b l i s h e s  t h e  test 

Feedback and 

Capsule Bus F l i g h t  System Design - The i n i t i a l  design of t h e  Capsule Bus 

System i s  analyzed t o  e s t a b l i s h  prel iminary func t iona l  and test requirements.  The 

i r t e r a c t i o n  of OSE and f l i g h t  systems engineering i s  emphasized i n  areas such as 

tes t  po in t  a v a i l a b i l i t y  and a c c e s s i b i l i t y ,  test s t i m u l i  and monitoring, use  of in-  

f l i g h t  checkout and b u i l t- i n- t e s t ,  depth of f a u l t  i s o l a t i o n ,  handl ing,  and t r ans-  

por t a t ion .  The pre l iminary  OSE concepts are fed  back through f l i g h t  systems 

engineering f o r  eva lua t ion ,  and t h e  f l i g h t  system t o  OSE i n t e r f a c e s  are i n t e g r a t e d  

as a balanced system. 

P r o j e c t  Level S e l e c t i o n  Criteria - The OSE concept s e l e c t i o n  is  based on 

VOYAGER p r o j e c t  l e v e l  s e l e c t i o n  cri teria va lues  developed by F l igh t  Capsule systems 

i n t e g r a t i o n  engineering,  as fol lows:  

P r o b a b i l i t y  of Mission Success .35 F l e x i b i l i t y  .15 

System Performance .20 cos t  .10 

Development Risk .20 

The program s e l e c t i o n  c r i t e r i a  is t r a n s l a t e d  i n t o  unique OSE s e l e c t i o n  f a c t o r s  t h a t  

are meaningful t o  t h e  eva lua t ion  of a p a r t i c u l a r  type  o r  conf igura t ion  of OSE. A 

l i s t  of t y p i c a l  OSE s e l e c t i o n  f a c t o r s  is  shown i n  F igure  10.1-1. A s tandard ized  
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SUMMARY OF MAJOR OSE T R A D E  STUOIES 

O Hi Speed Self Check and Alarm Monitor 
0 Maximum Repeatability and Accuracy 
0 Cost Effective for Selected Subsystems 

STC Displays 
Digital  Displays vs. Analog Meters 

VS. (C R T  Displays] 

- CB Transportation M A  
Barge vs. Highway vs. Helicopter 

vs. /Aircroft] 

C;DS Computer Selection 

SDS 9-20 vS.13rd Generation] 

SSTS Automation Method 
Hard Wire Logic vs. Tape Reader 

VS.  \Desk Top Computer] 

0 Minimum Operator Error 
Hi Density Display Saves Space 

0 Max Flexibi l i ty and Growth Potential 

Least Schedule Impact 
0 Barge i s  Backup Mode 

Maximum Flexib i l i ty  & Growth 
0 Minimum Test Time 
0 Potential for Contractor time sharing 

Cost Effective for Highly Repetitive 

Max Flexib iI i ty  and Growth 
0 Provides lndeoendent Subsvstem Test 

Sequential Operations 

Figure 10-2 

10-4 

REPORT F694 0 VOLUME I1 0 PART D 0 31 AUGUST 1967 
MCDONNELL ASTRONAUTICS 



OSE SELECTION CRITERIA AND FACTORS 

Probability of Mission Success 

OSE and Fl ight System Performance 

Development and Schedule Risk 

Versatility (Flexibi l i ty) 

TYPICAL OSE SELECTION FACTORS 

OSE reliabil ity 

Affect on fl ight subsystems 

OSE redundancy and backup 

Test quality 

Test time (operator, OSE, fl ight system) 

Test confidence 

* Degree of self test 

Degree of fault isolation 

OSE operational availabil ity (MTBF) 

Re1 ative “state-of-art” 

OSE ini t ial  availabil ity 

Growth potent ial 

Choice o f  operating modes 

Potential common usage 

Adaptability to future missions 

Test cost (operators time) 

OSE hardware cost 

OSE maintenance cost 

OSE development cost 

Software cost 

Figure 10.1-1 
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numerical scale from .2 t o  1 .0  i s  used t o  rate t h e  s e l e c t i o n  f a c t o r s  f o r  each al ter-  

n a t i v e  i n  terms of i t s  con t r ibu t ion  t o  t h e  VOYAGER p r o j e c t  level s e l e c t i o n  cr i ter ia ,  

as represented  by t h e  weighted t o t a l s  shown i n  t h e  d e t a i l e d  t r a d e  s t u d i e s .  

Cost f a c t o r s  are weighed c a r e f u l l y  i n  t h e  eva lua t ion  of a l t e r n a t i v e  OSE 

approaches. 

determine cos t- ef fec t iveness .  

i t s  con t r ibu t ion  t o  t h e  p r o b a b i l i t y  of  launch-on-time. 

10.2 TRADE STUDIES. 
fol lows : 

10.2.1. Trade Study-Subsystem T e s t  S e t s  Automation Concept 

10.2.1.1 Purpose and Scope - The o b j e c t i v e  of t h i s  t r a d e  s tudy i s  t o  determine t h e  

optimum approach t o  c o n t r o l l i n g  and monitoring support equipment f o r  f l i g h t  sub- 

systems t e s t i n g .  

s t r a i n t s  and test  p lan :  

s e l e c t e d  subsystem test sets w i t h  automatic  c o n t r o l  and monitor and a manual backup 

mode, and (3)  t o t a l  automatic  wi th  manual backup. 

10.2.1.2 

should be automated i f  t h e  types and number of tests, mechanization complexity, 

test t i m e ,  and o t h e r  r e l a t e d  f a c t o r s  warrant  o r  o f f s e t  t h e  cos t s .  Manual (non- 

The r a t i o  of test  e f f e c t i v e n e s s  t o  t o t a l  test  cos t  is  equated t o  

A major f a c t o r  i n  Capsule Bus OSE e f f e c t i v e n e s s  is  

The major t r a d e  s t u d i e s  conducted during Phase B are as 

Three a l t e r n a t i v e s  were analyzed f o r  compliance wi th  t h e  con- 

(1) manual c o n t r o l  and monitor c a p a b i l i t y  only;  and (2) 

Summary - Resul t s  of t h e  s tudy  i n d i c a t e  t h a t  s e l e c t e d  subsystem test sets 

computer dependent) backup should be provided f o r  

10.2.1.3 Funct iona l  and Technical  Requirements - 
sets  are cons t ra ined  by s e v e r a l  f a c t o r s :  

The SSTS must be capable o f :  

o Manually c o n t r o l l i n g  i t s  subsystem t o  any 

t h e  automated test  sets. 

Design of t h e  subsystems test 

ope ra t ing  mode and i n  any 

sequence, provided f o r  by t h e  normal subsystem test c i r c u i t r y .  

o Performing a l l  requi red  test  r o u t i n e s  expedi t ious ly ,  c o r r e c t l y  and 

repea tab ly  . 
o Providing s e l f - t e s t  c a p a b i l i t y  without  test i n t e r r u p t i o n  f o r  i s o l a t i o n  

of problems t o  OSE o r  r e l a t e d  Capsule subsystem. 

I n t e r f a c i n g  wi th  a genera l  purpose computer f o r  test  sequence con t ro l  o r  

d i r e c t i o n  and d a t a  a c q u i s i t i o n  and d isp lay .  

o 

10.2.1.4 

were considered i n i t i a l l y :  (1) manual only,  (2)  t o t a l  automatic wi th  manual backup, 

and (3)  t h e  automation of s e l e c t e d  Subsystem T e s t  S e t s  w i th  a t o t a l  manual capa- 

b i l i t y .  The second approach ( t o t a l  automatic wi th  manual backup) w a s  e l imina ted  

from f u r t h e r  cons idera t ion  s i n c e  t e s t i n g  of some subsystems i s  b e s t  accomplished 

Approaches and S i F n i f i c a n t  S e l e c t i o n  Fac tors  - Three b a s i c  approaches 
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manually. 

a f f e c t i n g  t h e  b a s e l i n e  choice. 

The two remaining a l t e r n a t i v e s  are presented wi th  t h e  s i g n i f i c a n t  f a c t o r s  

Se lec ted  SSTS Automated: 

o 

o Reduces t o t a l  test t i m e  

o 

o Reduces i n t e r p r e t a t i o n  e r r o r s  

o 

o Provides r ap id  malfunct ion v e r i f i c a t i o n  

o F a c i l i t a t e s  test r e p e a t a b i l i t y  

o 

Maximum p r o b a b i l i t y  of mission success  

Reduces p o s s i b i l i t y  of operator- induced malfunct ions 

Reduces ope ra to r  f a t i g u e  due t o  automatic  cyc l ing  of r e p e t i t i v e  tes ts  

Makes use  of t h e  cons t ra in t- requi red  genera l  purpose computer i n t e r f a c e  

whi le  i n  t h e  autonomous subsystems test mode. 

Maximum f l e x i b i l i t y  and growth p o t e n t i a l  f o r  fo l low on missions.  o 

Manual Mode Only: 

o Lowest i n  c o s t s .  

o Retains  t h e  ope ra to r  i n  the  decision-making loop.  

o Higher OSE equipment r e l i a b i l i t y .  

10.2.1.5 Recommended Approach - The r e s u l t s  of t h e  numerical eva lua t ion  (Figure 

10.2-1) i n d i c a t e  t h a t  t h e  optimum approach t o  SSTS c o n t r o l  and monitor is  t o  selec- 

t i v e l y  automate t h e  support  equipment t o  t h e  ex t en t  p r a c t i c a l .  

10.2.2 Trade Study - System Test Complex Display Techniques 

10.2.2.1 

optimum d a t a  d i sp l ay  method t o  be used f o r  d i sp l ay  of test  parameters a t  t h e  System 

T e s t  Complex (STC) . 

Purpose and Scope - This  t r a d e  s tudy w a s  conducted t o  determine t h e  

10.2.2.2 

optimum d i sp l ay  method. 

p r o b a b i l i t y  of mission success ,  f l e x i b i l i t y  and growth p o t e n t i a l  f o r  fo l low on 

missions,  and low development r i s k .  

10.2.2.3 

t h e  c o r r e c t  va lue  of t h e  measured parameter t o  t h e  ope ra to r .  

are ease of parameter i d e n t i f i c a t i o n ,  minimum read t i m e ,  and ease of opera tor  

i n t e r p r e t a t i o n .  

wi th  parameter i d e n t i f i c a t i o n .  

p l ay  i n  engineering u n i t s .  

10.2.2.4 Design Approaches and S i g n i f i c a n t  C h a r a c t e r i s t i c s  - Five methods were 

s tud ied :  

Summary - The a lpha  numeric Cathode Ray Tube (AN/CRT) d i sp l ay  is  t h e  

The major f a c t o r s  con t r ibu t ing  t o  i t s  s e l e c t i o n  are high 

Funct ional  & Technical Requirements - The d i s p l a y  should r e a d i l y  convey 

Des i rab le  f e a t u r e s  

For t h i s  s tudy ,  t h e  incoming d a t a  i s  assumed t o  be i n  d i g i t a l  form 

Each measurement w i l l  be  s ca l ed  t o  f a c i l i t a t e  d i s-  
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Alpha Numeric Cathode Ray Tube (AN/CRT) - Displays ( i n  eng l i sh  language and 

engineering u n i t s )  t h e  parameter i d e n t i f i c a t i o n ,  range, va lue ,  and l i m i t s  f o r  a 

v i r t u a l l y  unl imi ted  quan t i t y  of measurements. Also capable of  d i sp l ay ing  a wide 

range and format of s ta tements  and g raph ica l  da ta .  

l o g i c  f o r  c h a r a c t e r  genera t ion  and format t ing .  

This  method r e q u i r e s  cons iderable  

Decimal d i g i t s  wi th  t h e  s c a l i n g  performed by t h e  computer - Displays t h e  

parameter i n  d i g i t s  w i th  t h e  engineering u n i t s  mechanically a t tached  t o  t h e  f r o n t  

panel  ad jacent  t o  t h e  d i sp l ay .  

va lue  between computer updates .  

The only l o g i c  i s  t h a t  requi red  t o  s t o r e  t h e  sca led  

D e c i m a l  d i g i t s  w i th  l o c a l  scaling - Uses t h e  same d i sp l ay  as t h e  previous one 

but  r ece ives  unscaled da ta .  A d i g i t a l  m u l t i p l i c a t i o n  scheme is requi red  f o r  each 

group of d i s p l a y s ,  bu t  t h e  incoming d a t a  can o r i g i n a t e  from any d i g i t i z e d  source.  

Analog Meters wi th  computer performed d i g i t a l  t o  analog conversion (DAC) - Performs 

s c a l i n g  mechanically by s e l e c t i n g  a meter'scale which i s  graduated i n  app ropr i a t e  

engineering u n i t s .  

Analog Meters wi th  DAC'S l oca t ed  i n  t h e  d i sp l ay  panel - Accepts d i g i t a l  d a t a  

from any source  and performs d i g i t a l  t o  analog conversion l o c a l l y .  

performed as i n  t h e  previous method. 

10.2.2.5 

The s e l e c t i o n  f a c t o r s  used were chosen t o  emphasize t h e  approach d i f f e r e n c e s ,  i . e . ,  

f a c t o r s  which are equa l ly  favorable  o r  unfavorable t o  a l l  concepts a r e  not  men- 

tioned.  

The s c a l i n g  i s  

Evaluat ion - The t r a d e  study r e s u l t s  are summarized i n  Figure 10.2-2. 

P e r t i n e n t  f a c t o r s  a f f e c t i n g  t h e  base l ine  choice  are shown below. 

AN/ CRT 

o High r e l i a b i l i t y  and r e a d a b i l i t y  

o 

o 

D e  c i m a  1 

o Average f l e x i b i l i t y  f o r  expansion 

o 

o High hardware c o s t s  

Meters 

o Low r e a d a b i l i t y  

F l e x i b i l i t y  and growth p o t e n t i a l  t o  support  fo l low on missions. 

Low development r i s k  ( u n i t s  are developed and o f f- the  s h e l f )  

W i l l  no t  accommodate s p e c i a l  formats 

o Low accuracy 

o Average f l e x i b i l i t y  f o r  expansion 

o W i l l  no t  accommodate s p e c i a l  formats 
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10.2.2.6 

The computer s c a l e d  decimal d i s p l a y  i s  second. 

suppor t  expanded o r  changing d i s p l a y  requirements i s  t h e  major f a c t o r  c o n t r i b u t i n g  

t o  i ts  s e l e c t i o n .  

10.2.3 

10.2.3.1 Purpose and Scope - I n v e s t i g a t i o n  of a l t e r n a t e  shipping methods t o  

determine t h e  optimum mode f o r  t r a n s p o r t i n g  t h e  F l i g h t  Capsule from t h e  c o n t r a c t o r ' s  

f a c i l i t y  t o  KSC. 

Recommended Design Approach - The AN/CRT i s  the b e s t  d i s p l a y  technique.  

The f l e x i b i l i t y  of t h e  AN/CRT t o  

Trade Study-Voyager F l i g h t  Capsule Transpor ta t ion  Mode 

10.2.3.2 Summary - The f o u r  t r a n s p o r t a t i o n  methods examined are: 

(2) He l i cop te r ,  (3) Barge and ( 4 )  Highway. 

10.2.3.3 

and providing mechanical and environmental p r o t e c t i o n  t o  t h e  f l i g h t  equipment whi le  

i n  t r a n s i t  i s  t h e  s i z e  of the F l i g h t  Vehicle (Approximately 1 3  f t  h igh x 20 f t  d i a . ) .  

10.2.3.4 Design Approaches and S i p n i f i c a n t  C h a r a c t e r i s t i c s  - Four methods were 

s t u d i e d  : 

(1) Airplane ,  

Funct ional  and Technical  Requiremen3 - A major c o n s t r a i n t  t o  t r a n s p o r t i n g  

Airplane - B-377SG (Super Guppy) is  t h e  only a i r c r a f t  wi th  a l a r g e  enough cargo 

area t o  hold t h e  F l i g h t  Capsule wi th  i t s  t r a n s p o r t e r .  

He l i cop te r  - A number of d i f f e r e n t  h e l i c o p t e r s  have t h e  c a p a b i l i t y  of l i f t i n g  

and moving t h e  F l i g h t  Capsule by e x t e r i o r  c a b l e  suspension. 

Barge - Numerous barge  models possess t h e  c a p a b i l i t y  of t r anspor t ing  t h e  

F l i g h t  Capsule. 

Local movement: from c o n t r a c t o r ' s  f a c i l i t y  t o  barge loading s i t e  would b e  by 

Hel icopter .  

Miss i s s ipp i  and/or Missouri  River-Ocean r o u t e  would be u t i l i z e d .  

Highway - Design of a s u i t a b l e  F l i g h t  Capsule t r a n s p o r t  wi th  t h e  over- the- 

road c a p a b i l i t y  i s  p o s s i b l e  u t i l i z i n g  s tandard  t r a c t o r  ( t ruck) .  

10.2.3.5 

eva lua t ion  f a c t o r s  are as fol lows:  

Evaluat ion - Figure  10.2-3 summarizes t h e  s tudy r e s u l t s .  The major 

Airplane - B-377SG an  a i r p l a n e  (with loader)  is  capable of F l i g h t  Capsule 

t r a n s p o r t .  

a i r c r a f t  e x i s t s .  

Shipping time is  t h e  leas t  of a l l  methods, however, only  one B-377SG 

P r o t e c t i o n  a g a i n s t  atmospheric p ressure  changes required .  

He l i cop te r  - External  suspension and l i m i t e d  f l y i n g  range ( requ i r ing  m u l t i p l e  

setdowns) p resen t  s i g n i f i c a n t  hazards.  

Barge - Shipping t i m e  (10 days t o  two weeks) is t h e  longes t  of any method. 

Environmental p r o t e c t i o n  i s  required .  

Highway - Because of t r a f f i c  loads ,  road width and overhead clearance con- 

s t ra in ts ,  no f e a s i b l e  r o u t e  w a s  discovered.  
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10.2.3.6 Recommended Approach - Because of i t s  c a p a b i l i t y  of s a f e l y  accomplishing 

t h e  t a s k  i n  t h e  least  p o s s i b l e  t i m e ,  t h e  a i r c r a f t  mode w a s  s e l e c t e d  as t h e  most 

f e a s i b l e  t r a n s p o r t a t i o n  method w i t h  barge t r a n s p o r t a t i o n  as a backup mode. 

10.2.4 Trade Study-Computer Data System (CDS) Computer S e l e c t i o n  

10.2.4.1 

t i o n a l  group of candida te  computers from which a f i n a l  s e l e c t i o n  can be  made 

(dur ing  Phase C) f o r  t h e  Computer Data System (CDS) computer i n  t h e  System Test 

Complex (STC) . 
10.2.4.2 

CDS, inc luding  i t s  conf igu ra t ion ,  (i.e., co re  memory s i z e ,  input /output  c o n t r o l l e r s  

requi red ,  s p e c i a l  purpose p e r i p h e r a l s ,  e t c . )  should be made from those  computers 

i n  t h e  " t h i r d  generat ion"  category as def ined  here in .  

10.2.4.3 Funct ional  and Technical Requirements - The candida te  computers must, as 

a minimum, meet t h e  fol lowing functional,  and t echn ica l  requirements:  

Purpose and Scope - This  t r a d e  s tudy w a s  conducted t o  determine a func- 

Summary - The s tudy  r e s u l t s  c l e a r l y  show t h a t  t h e  f i n a l  s e l e c t i o n  of t h e  

o A l l  requirements and c o n s t r a i n t s  of P a r t  D, Sec t ion  4.3.9.2 of t h i s  

volume (Computer Data System). 

Possess  t h e  expansion c a p a b i l i t i e s  necessary t o  m e e t  fo l low on VOYAGER 

missions wi th  a minimum of hardware and software changes. 

o 

o Provide f l e x i b i l i t y  i n  design and conf igura t ion  t o  m e e t  changes i n  i n t e r -  

f a c e  and commonality requirements.  

Provide maximum compa t ib i l i t y  wi th  a n t i c i p a t e d  updating of t h e  DSIF and 

SFOF computer systems planned f o r  VOYAGER missions.  

o 

10.2.4.4 

t h i s  s tudy ,  computers are c l a s s i f i e d  i n  f u n c t i o n a l  groups r a t h e r  than  hardware 

groups. Three s i g n i f i c a n t  o rgan iza t iona l  and func t iona l  groups of computers are 

defined.  

Design Approaches and S i g n i f i c a n t  C h a r a c t e r i s t i c s  - For t h e  purpose of 

F i r s t  Generation Computers - Those which use  electro-mechanical r e l a y s ,  vacuum 

tubes ,  and l i m i t e d  d i s c r e t e  s o l i d  s ta te  components. 

t i o n  and have a characteristic des ign  t h a t  is processor  o r i en t ed .  The sof tware  

mode of ope ra t ion  uses  s e q u e n t i a l  programming and i t s  des ign  is  c h a r a c t e r i s t i c a l l y  

centered  about a s i n g l e  system opera t ing  i n  a s i n g l e  mode. 

A l l  are synchronous i n  opera- 

Second Generation Computers - Those computers t h a t  u s e  d i s c r e t e ,  s o l i d  s tate,  

o r  hybrid s o l i d  s ta te  components, whose mode of ope ra t ion  i s  asynchronous, and 

whose c h a r a c t e r i s t i c  designs are communications o r i en t ed  (mul t ip l e  bus) .  Software 

f o r  second genera t ion  computers p r imar i ly  i s  a multi-programming mode wi th  l i m i t e d  

( i f  any) time sha r ing  f e a t u r e s .  C h a r a c t e r i s t i c  design f o r  second genera t ion  
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computer sof tware  i s  o r i en t ed  p r imar i ly  around m u l t i  system usages. 

series computers were given prime cons ide ra t ion  i n  t h i s  s tudy.  

The SDS 900 

Third Generation Computers - Those computers t h a t  u s e  monoli thic  i n t e g r a t e d  

c i r c u i t s ,  o p e r a t e  i n  an asynchronous mode, and have a c h a r a c t e r i s t i c  hardware 

des ign  t h a t  i s  communications or ien ted .  Software f o r  t h i r d  genera t ion  computers 

ope ra t e s  on a multi- system time sha r ing  b a s i s  and has  a c h a r a c t e r i s t i c  des ign  t h a t  

uses  real-time and multi-usage monitors.  

10.2.4.5 Evaluat ion - Of t h e  t h r e e  groups, f i r s t  gene ra t ion  scored .26, second 

scored .63 and t h i r d  scored  .82 (See F igure  10.2-4 f o r  breakdown). 

10.2.4.6 Recommended Design Approach - Based on t h i s  s tudy,  it is  recommended t h a t  

during Phase C t h e  CDS computer s e l e c t i o n  be made from those  computers t h a t  are i n  

t h e  Third Generation category.  Some examples of computers t h a t  have been i n v e s t i-  

gated  and warrant  f u r t h e r  cons ide ra t ion  are t h e  GE 645, IBM 360-67, SDS Sigma 5 

and 7,  and EMR Advance 6130. 

10.2.5 Trade Study-Technique f o r  Automating Subsystem T e s t  S e t s  

10.2.5.1 Purpose and Scope - The purpose of t h i s  eva lua t ion  is  t o  determine t h e  

optimum means of implementing automatic  test sequence c o n t r o l  and monitor f o r  

s e l e c t e d  Capsule Bus subsystem test sets (SSTS). 

Five approaches are considered: (1) hard-wired l o g i c  w i th in  each SSTS; (2) a 

c e n t r a l  gene ra l  purpose computer; (3) a "satellite" o r  s m a l l ,  i nd iv idua l  automatic  

processor  f o r  each SSTS t o  be automated; ( 4 )  a punched-tape reader ;  and (5) a 

magnetic t ape  reader .  

phe ra l  equipment, were evaluated f o r  p o s s i b l e  SSTS u t i l i z a t i o n  a t  t h e  subsystem 

vendor's p l a n t ,  f o r  systems i n t e g r a t i o n  and checkout a t  t h e  con t r ac to r s  p l a n t  and 

f o r  contingency checkout a t  KSC. 

10.2.5.2 Summary - The method f o r  automating s e l e c t e d  subsystem test  set as 

determined by t h i s  t r a d e  s tudy ,  is  t o  u t i l i z e  a s m a l l  gene ra l  purpose d i g i t a l  com- 

pu te r  as t h e  automatic processor .  

10.2.5.3 

implementation c o n s t r a i n t s  w e r e  considered: 

The c h a r a c t e r i s t i c s  of each candida te ,  wi th  requi red  per i-  

Funct ional  and Technical Requirements - Severa l  VOYAGER p ro j ec t  and test 

The SSTS must be  capable o f :  

o Performing a l l  requi red  test r o u t i n e s  expedi t ious ly ,  c o r r e c t l y  and 

repea tab ly  . 
o Providing s e l f - t e s t  c a p a b i l i t y  without  test  i n t e r r u p t i o n  f o r  i s o l a t i o n  of 

problems t o  OSE o r  r e l a t e d  Capsule subsystem. 
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o I n t e r f a c i n g  wi th  a gene ra l  purpose computer f o r  test sequence c o n t r o l  o r  

d i r e c t i o n  and d a t a  a c q u i s i t i o n  and d i sp l ay .  

10.2.5.4 

automating t h e  SSTS test sequence c o n t r o l  and monitoring are l i s t e d  wi th  a b r i e f  

explana t ion  and t h e  s i g n i f i c a n t  f a c t o r s  a f f e c t i n g  t h e  b a s e l i n e  choice.  

Approaches and S i g n i f i c a n t  C h a r a c t e r i s t i c s  - Each of t h e  f i v e  methods of 

Hard-wired Logic - The c o n t r o l l e r  provides a f i x e d  program implemented by 

s o l i d  state, i n t e g r a t e d  c i r c u i t s ,  electro-mechanical devices ,  o r  a hybrid design.  

The s i g n i f i c a n t  f a c t o r s  are: 

o Lack of f l e x i b i l i t y  t o  changes i n  program. 

o Considerable engineering c o s t s  f o r  c i r c u i t  design.  

o Rapid test  sequencing (except f o r  electro-mechanical i f  included i n  t h e  

design) . 
Centra l  Computer - Each automated SSTS time sha res  a common gene ra l  purpose 

d i g i t a l  computer. Computer memory ( s i z e ) ,  speed, and i n s t r u c t i o n  r e p e r t o i r e  w e r e  

t h e  major c o n s t r a i n t s  i n  t h e  cons idera t ion  of computer casts and performance 

c h a r a c t e r i s t i c s .  The s i g n i f i c a n t  f a c t o r s  are: 

o Exce l len t  performance and a b i l i t y .  

o Reasonable hardware c o s t s .  

o Software more complex due t o  i n t e g r a t i n g  a l l  r o u t i n e s  i n t o  one program. 

o Does not  provide automated SSTS ope ra t ion  when t h e  subsystem test  equip- 

ment and c o n t r o l  computers are not  i n  c l o s e  phys ica l  proximity 

o S e l f- t e s t s  are e a s i l y  implemented. 

S a t e l l i t e  Computer - Each automated SSTS has ,  i n t e g r a l  t o  t h e  subsystem tes t  

set ,  a s m a l l  d i g i t a l  computer f o r  test sequence c o n t r o l  and monitoring. The 

s i g n i f i c a n t  f a c t o r s  are: 

o 

o Re la t ive ly  low cos t s .  

o 

F l e x i b i l i t y  f o r  independent SSTS opera t ion .  

Slower memory c y c l e  and execut ion speed than  l a r g e r  computers, bu t  

adequate f o r  app l i ca t ion .  

o Permits  s impler  programming than  requi red  f o r  a c e n t r a l  computer. 

o S e l f- t e s t s  e a s i l y  implemented due t o  random access memory. 

Punched Tape Reader - A t ape  reader  as an  i n t e g r a l  p a r t  of t h e  SSTS t o  provide 

c o n t r o l  and monitoring func t ions  au tomat ica l ly .  Both o p t i c a l  and mechanical t a p e  

readers  have been considered. The s i g n i f i c a n t  f a c t o r s  are: 

o Lowest cos t  of t h e  f i v e  methods considered. 

o Lowest r e l i a b i l i t y .  
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o Most a p p l i c a b l e  t o  f i x e d  sequence programs r a t h e r  than  random sequences. 

o 

Magnetic Tape Reader - Each SSTS con ta ins  i ts  own magnetic t a p e  reader  f o r  

test automation. The s i g n i f i c a n t  f a c t o r s  are: 

Comparatively slower and n o i s i e r  than  o the r  'approaches. 

o Speed is adequate  f o r  SSTS app l i ca t ion .  

o F l e x i b l e  f o r  independent SSTS opera t ion .  

o Overall performance i s  about average. 

o Moderately expensive. 

10.2.5.5 Recommended Approach - A sa te l l i t e  computer f o r  each automated SSTS i s  

t h e  recommended approach f o r  automating test sequence c o n t r o l  and monitoring. 

F igure  10.2-5 summarizes t h e  s tudy r e s u l t s .  

S p e c i f i c  performance d e t a i l s ,  capac i ty ,  c o s t s  and a v a i l a b i l i t y  of s m a l l  com- 

p u t e r s  are t h e  s u b j e c t  of a n  i n t e n s i v e  s tudy t o  be conducted during Phase C p r i o r  

t o  f i n a l  hardware s e l e c t i o n .  

10.3 SUPPORTING ANALYSIS - I n  a d d i t i o n  t o  t h e  previous t r a d e  s t u d i e s ,  support ing 

ana lyses  are provided f o r  the fol lowing major concepts:  (1) STC automation, and 

(2) Launch Pad P rope l l an t  Dump C a p a b i l i t i e s .  

10.3.1 System T e s t  Complex (STC) Automation Concept Four candida te  STC automation 

concepts w e r e  considered (1) Mariner 6, (2) Sa turn  IV-B Automatic Checkout System 

(ACS), (3) Apollo Acceptance Checkout Equipment (ACE) and ( 4 )  McDonnell Phase B 

STC. The Phase B STC Automation concept, descr ibed i n  P a r t  D, Sec t ion  4 . 3 ,  has 

been s e l e c t e d  as t h e  p re sen t  base l ine .  The r a t i o n a l e  f o r  t h i s  s e l e c t i o n  i s  d i s-  

cussed i n  t h e  fol lowing paragraphs. 

Mariner C - This  concept w a s  r e j e c t e d  because: 

o The F l i g h t  Capsule STC r equ i r e s  automatic  test sequencing and d a t a  

eva lua t ion  because of t h e  l a r g e  number of parameters, t e s t i n g  of m u l t i p l e  

systems, complex i n t e r f a c e s ,  and t h e  need f o r  con t inu i ty  and r e p e a t a b i l i t y  

of test h i s to ry .  

and does no t  possess  t h e  test  sequence r e p e a t a b i l i t y  requi red .  

The Mariner C employs only automated d a t a  eva lua t ion ,  

o The Mariner C approach r equ i r e s  d i r e c t  analog access t o  t h e  f l i g h t  sub- 

system test connectors f o r  system level t e s t i n g .  When t h e  F l i g h t  Capsule 

is  enclosed i n  t h e  s t e r i l i z a t i o n  c a n i s t e r ,  t h i s  becomes imprac t i ca l .  

Sa turn  IV-B ACS - This concept w a s  r e j e c t e d  because: 

o It 's l i m i t e d  d i sp l ay  c a p a b i l i t y  makes i t  incompatible  w i th  t h e  VOYAGER 

F l i g h t  Capsule requirements f o r  monitoring and test parameter readout .  
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o The ACS does not  employ a remote d i g i t a l  d a t a  l i n k  and consequent ly must 

be  loca t ed  wi th in  2000 f e e t  of t h e  veh ic l e .  This  is incompatible  w i th  STC 

c o n t r o l  of t h e  F l i g h t  Capsule a t  t h e  ESF and on-pad a t  KSC. 

o The ACS is not  compatible wi th  STC mob i l i t y  c o n s t r a i n t s .  

Apollo ACE - This  concept is  compatible wi th  most of t h e  Capsule system test 

requirements bu t  i s  no t  recommended because: 

o 

o 

The ACE is  not  configured t o  be  e a s i l y  t r anspor t ed  between test sites. 

The u s e  of ACE f o r  support  of both Apollo and VOYAGER presents schedule 

c o n f l i c t s  f o r  t h e  1973 launch. 

o ACE r e q u i r e s  some major redes igns  of t h e  test d a t a  l i n k  (TM i n t e r l e a v e r  

and relay- decoder module) , and replacement of t h e  rate PCM de - in t e r l eave r l  

decommutator wi th  a low d a t a  rate Telemetry Command Processor  (TCP). 

Because t h e  ACE system i s  ope ra t iona l  at KSC, and f u l f i l l s  many of t h e  

requirements f o r  VOYAGER systems tes t ,  i t  i s  considered a candida te  f o r  f u r t h e r  

s tudy.  

system level t e s t  without  subsystem test set i n t e g r a t i o n ,  is  p a r t i c u l a r l y  compatible 

wi th  t h e  use  of ACE. 

The concept of a Capsule Bus System (CBS) T e s t  Complex which conducts 

McDonnell Phase B STC - This  approach has been s e l e c t e d  because: 

o It o f f e r s  maximum compliance t o  t h e  c o n s t r a i n t s ,  i s  cos t- e f fec t ive ,  

provides ope ra t iona l  f l e x i b i l i t y ,  and minimizes equipment dup l i ca t ion .  

o It provides maximum a d a p t a b i l i t y  and growth p o t e n t i a l  f o r ;  (1) i n t e g r a t i o n  

of t h e  CBS, SLS, and ESP system test complexes i n t o  one, and (2) expanded 

f u t u r e  missions requirements .  

o It is  t h e  smallest phys i ca l  con f igu ra t ion  of a l l  those  s tud ied ,  t hus  t h e  

most mobile,  and r e q u i r e s  less space i n  t h e  i n t e g r a t e d  c o n t r o l  room. 

P rope l l an t  Deservice C a p a b i l i t i e s  - The s e l e c t e d  approach i s  t o  provide 10.3.2 

p rope l l an t  dese rv i ce  and c a n i s t e r  purge c a p a b i l i t i e s  a t  the launch pad. 

accomplished by a t t a c h i n g  t h e  dese rv i ce  and purge equipment t o  t h e  Capsule Bus 

(CB) propuls ion  subsystem via hoses a t t ached  a t  t h e  c a n i s t e r  mold l i n e .  

i s  maintained by us ing  a b u r s t  diaphram i n  t h e  p rope l l an t  l i n e ) .  

a hazardous cond i t i on  alarm from t h e  Hazard A l a r m  and Monitor System a dese rv i ce  

and purge sequence can be  i n i t i a t e d  from t h e  launch pad, STC o r  LCC. 

This  i s  

( S t e r i l i t y  

Upon r e c e i p t  of 

Se l ec t ion  of t h i s  concept w a s  made a f t e r  analyzing the impact of a p rope l l an t  

l e a k  i f  dese rv i c ing  c a p a b i l i t i e s  w e r e  no t  provided. While t h e  p r o b a b i l i t y  of a 

p rope l l an t  l e a k  occuring a t  t h e  launch pad i s  low, t h e  p o t e n t i a l l y  c a t a s t r o p h i c  

r e s u l t s  make it mandatory t o  provide f o r  deserv ic ing  p r i o r  t o  demating and/or  

handling of t h e  F l i g h t  Capsule. 
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The p r o p e l l a n t s  used i n  t h e  Capsule Bus (CB) are h igh ly  t o x i c ,  co r ros ive  and 

hypergol ic  wi th  organic  materials. 

ope ra t ing  personnel  and equipment and could r e s u l t  i n  an  explosion,  f i r e  o r  cor-  

r o s i v e  d i s t r u c t i o n  of t h e  f l i g h t  system. The problem i s  aggravated by t h e  t i m e  

r equ i r ed  t o  disassemble t h e  P lane tary  Vehicle  (PV) and r e t u r n  t h e  CB t o  t h e  

Explosive Safe  F a c i l i t y  (ESF) f o r  deserv ic ing .  

A l e a k  i s  a s e r i o u s  s a f e t y  hazzard t o  both 

Two a l t e r n a t i v e s  are a v a i l a b l e  f o r  making t h e  connect ions requi red  t o  accom- 

p l i s h  deserv ic ing  a t  t h e  launch pad, 

shroud t o  provide access t o  manual connect ions on t h e  CB mold l ine.  

provides dese rv i ce  c a p a b i l i t i e s  only u n t i l  t h e  Mobile Serv ice  S t r u c t u r e  is  moved 

away. The second method is t o  i n t e r f a c e  t h e  system through a fly-away umbi l ica l  

a t  t h e  PV shroud mold l i n e .  This  approach provides dese rv i ce  c a p a b i l i t i e s  up t o  

l i f t  o f f .  

t h e  need f o r  launch pad deserv ic ing .  

10.4 

t h e  preceding s e c t i o n s  of P a r t  D, has i s o l a t e d  t h e  support  requirements f o r  each 

system and e s t ab l i shed  a po in t  of r e f e rence  f o r  o b j e c t i v e  i n t e g r a t i o n  of OSE 

func t ions  when t h e  systems conf igura t ion  and a l l o c a t i o n  of t e c h n i c a l  r e s p o n s i b i l i t y  

i s  f i rmly  e s t ab l i shed .  

u l t i m a t e  e f f e c t  of OSE i n t e g r a t i o n  upon Capsule Bus System OSE, w e  have included 

t h e  fol lowing s tudy of an  a l t e r n a t i v e  i n t e g r a t i o n  concept t h a t  is  based on shar ing  

of common OSE func t ions  by t h e  CBS, SLS, and ESP con t r ac to r s .  

10.4.1 Summary - The a l t e r n a t i v e  i n t e g r a t i o n  approach (maximum OSE shar ing)  can 

r e s u l t  i n  a t o t a l  equipment and space reduct ion  of approximately 35% i n  t h e  System 

T e s t  Complex (STC) and 20% i n  t h e  Subsystem T e s t  Area. 

10.4.2 

and OSE func t ions ,  t h e  primary candida tes  f o r  equipment shar ing  are i d e n t i f i e d  

below. 

o 

The f i r s t  approach r e q u i r e s  a door i n  PV 

This  approach 

Fur ther  s tudy i s  requi red  t o  eva lua t e  t h e  i n t e r f a c e  problems ve r sus  

ALTERNATIVE INTEGRATION CONCEPT - The b a s e l i n e  i n t e g r a t i o n  approach used i n  

I n  o rde r  t o  provide a prel iminary i n s i g h t  i n t o  t h e  

I d e n t i f i c a t i o n  of Shared and Common OSE - Based on t h e  s i m i l a r i t y  of test 

Telemetry & Command Processor  (TCP) - The TCP computer used i n  t h e  STC is  

i d e n t i c a l  t o  t hose  used i n  t h e  Deep Space Network (DSN). I f  i t  is  decided 

t o  r e p l a c e  t h e  DSN computer wi th  t h i r d  genera t ion  computers, conta in ing  

mult isystem t i m e  shar ing  programming c a p a b i l i t i e s ,  a s i n g l e  TCP computer 

w i l l  be  capable of te lemet ry  processing f o r  t h e  CBS, SLS, and ESP. A 

r educ t ion  from t h r e e  computers t o  one can be r e a l i z e d .  

o Computer Data System (CDS) - Two sepa ra t e  CDS's (computer p lus  pe r iphe ra l  

equipment) have been i d e n t i f i e d ;  one f o r  t h e  CBS and one f o r  t h e  SLS. 
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For i n t e g r a t e d  systems test (at CB f a c t o r y  & KSC) t h e  SLS computer 

requirements  could be  incorpora ted  i n t o  a s i n g l e  CDS by shar ing  t h e  

Capsule Bus Con t r ac to r ' s cen t r a l  processing u n i t  and memory and adding a n  

SLS mul t ip l exe r  input /output  processor  and magnetic t ape  recorder .  

combined CDS would r ep re sen t  a 35 t o  40% r educ t ion  i n  equipment requi re-  

ments over  s e p a r a t e  CDS's. 

The 

o System T e s t  Complex (STC) - The T e s t  D i r ec to r  Console, Voice Communications 

System, Timing D i s t r i b u t i o n  System, Recording Groups, and Ground Data 

Transmission System (GDTS) genera te  similar requirements f o r  a l l  t h r e e  

c o n t r a c t o r s  i n  support  of i n t e g r a t e d  systems tests a t  t h e  f a c t o r y  and 

KSC. 

by us ing  a common c e n t r a l  recording group f o r  t h e  i n t e g r a t e d  CBS/SLS/ESP. 

Of t h e  remaining STC equipment, a major savings can be r e a l i z e d  by common 

(CB/SL/EP) use  of t h e  GDTS i n  which a 65% reduct ion  i n  d a t a  l i n e s  and 25% 

reduct ion  i n  test command equipment i s  poss ib le .  The o t h e r  STC equipment 

requirements  would reduce by approximately 10%. 

The recording group shows a poss ib l e  50% reduct ion  i n  requirements  

o Subsystem T e s t  Equipment (SSTE) - A reduct ion  i n  q u a n t i t i e s  of subsystem 

test set (SSTS) equipment can be  r e a l i z e d  i f  t h e  ESP requirements are 

combined wi th  e i t h e r  t h e  CBS o r  SLS con t r ac to r  requirements.  

combination i s  recommended because of t h e  commonality of t h e i r  telecom- 

munication (TCM) subsystems. The fol lowing equipment sav ings  are p o s s i b l e  

w i th  t h i s  approach: Power SSTS - 35%, Sequencer - 35%, TCM - 20%, 

Thermal Control  - 35%, and Pyrotechnic - 35%. Th i s  r ep re sen t s  a t o t a l  

reduct ion  of approximately 11 racks  of SSTS and two automatic  processors  

a s soc i a t ed  wi th  t h e  sequencer and TCM SSTS's. 

The ESP/CBS 
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